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Executive Summary 

Introduction and Site History 
This Groundwater Feasibility Study (FS) Report for Operable Unit 1 (OUl) was 
performed as part of the Remedial Investigation/Feasibility Study (RI/FS) for the 
groundwater contamination at the Puchack Well Field Superfund Site ("Site") located 
in Pennsauken Township, New Jersey. This FS was prepared by CDM Federal 
Programs Corporation (CDM), for the United States Environmental Protection Agency 
(EPA), Region II, as authorized under the option period of RAC II Contiact 68-W-98-
210, Work Assignment Number 102-RICO-02JL. The purpose of this OUl FS is to 
develop and evaluate remedial alternatives to remediate the site-contiibuted 
hexavalent chromium plume in groundwater. 

Due to the complexity of the Site, EPA divided the Site into two OUs. OUl involves 
the investigation and cleanup of site-wide chromium contaminated groundwater, as 
well as volatile organic compounds (VOCs) present in cdnjiuiction with chromium. 
OUl focuses on the clean up of the Puchack chromium plume as the primary goal. 
Addressing the commingled VOC contamination is a secondary goal for remediation. 
OU2 will address the investigation and cleanup of source areas that contiibuted to the 
Site's groundwater contamination. 

The purpose of this OUl FS is to develop and evaluate alternatives to remediate the 
Site's hexavalent chromium groundwater plume. The FS identifies Remedial Action 
Objectives (RAOs), develops General Response Actions (GRAs), identifies and screens 
available remedial technologies, and evaluates feasible and cost-effective remedial 
alternatives to address the Site's groundwater chromium plume. 

The Puchack Well Field Superfund Site is located in a commercial/industiial and 
residential neighborhood of Pennsauken Township, Camden County, New Jersey. 
Several hundred single and multi-family residential buildings, commercial buildings, 
and industiial facilities are located within a two-mile radius of the Puchack Site. The 
Puchack weU field consists of six municipal supply wells that are owned and were 
operated by the City of Camden. 

Groundwater contamination, consisting of tiichloroethene (TCE), 1,1-dichloroethene 
(1,1-DCE), tetiachlorethene (PCE), and chromium, was first detected at Puchack Well 
Field well 4R/6-70 in the early 1970s. Further sampling indicated the presence of 
hexavalent chromium (which exhibits relatively high solubility and toxicity) and 
tiivalent chromium (which exhibits relatively low solubility and toxicity) at 
concentiations above the EPA maximum contaminant levels (MCL), which resulted in 
Puchack Well Field well 4R/6-70 being removed from service in 1975. In 1978, 
chromium was detected in Puchack Well Field well 5/5A. This well was removed 
from service sometime between 1981 and 1983. In 1982, chromium was detected in 
Puchack wells 2, 3/3A, and 6-75/7. In 1984, general use of the well field was 
terminated, however, the New Jersey Department of Environmental Protection 
(NJDEP) allowed the continued contiolled pumping of Puchack 1 to act as a 
temporary plume containment measure. Groundwater extiacted from Puchack 1 was 
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Executive Summary 

either discharged to Puchack Creek next to the Puchack Site or blended with the 
Camden City potable water supply. The pumping was discontinued on April 20,1998. 

In 1986, CDM investigated the chromium contamination in the well field on behalf of 
the State of New Jersey and documented elevated chromium, mercury and TCE 
concentiations (CDM 1986). 

In October of 1991, NJDEP issued a directive to a number of facilities or companies in 
the Puchack Site vicinity that it "believed...to be responsible for the discharge of... 
hazardous substances" that subsequently contaminated the groundwater. Among the 
22 facilities or companies identified are Advance Process Supply Company (APS); 
Davidson-Pacific Wood Products (Davidson-Pacific); King Arthur, Incorporated (King 
Arthur); Mercon Industries (Mercon); SGL Modem Hard Chrome (formerly SGL 
Modern Hard Chrome Service) (SGL Chrome); and Supertire Services, Incorporated 
(Supertire); all are suspected source areas for the Puchack Well Field Site. There are 
on-going investigations under State authority at some of these properties. 

In 1992, CDM was tasked by NJDEP to conduct a pilot scale tieatabhity study of the 
contaminated groiuidwater at the Puchack weU field. Over a two month period, 1.7 
million gallons of grotmdwater were tieated. The pilot scale system demonstiated a 
substantial reduction in chromium levels in the tieated water. 

In March of 1996, NJDEP collected samples from the Puchack supply weUs. The 
samples were analyzed for VOCs, total metals, and cyanide. Analytical results 
indicated elevated levels of chromium, mercury, and TCE in all of the supply weUs. 

In 1997, the United States Geological Survey (USGS), in cooperation with the NJDEP, 
initiated an investigation to evaluate existing groundwater quality data, groundwater 
usage, groundwater levels, and hydrogeology of the Pennsauken Township area. As 
part of this investigation, a drilling and samphng program was conducted to obtain 
additional iniformation on the extent of grotmdwater contamination related to the 
Puchack Site and to enhance the understanding of the area's hydrogeologic 
conditions. This investigation indicated that VOC contamination was widespread, 
with multiple sources. VOC contamination in the underlying aquifers has 
conuningled with the chromium plume and is larger in size. 

The site was proposed for inclusion on the National Priorities List (NPL) in September 
of 1997 and was placed on the NPL on March 6,1998. 

Field Investigation 
The nature and distiibution of groundwater contamination at and near the Puchack 
Well Field Site is complex. The results of previous investigations, including those 
conducted by the USGS in cooperation with the NJDEP, have identified numerous 
complexities of the aquifer system stiatigraphy, hydrogeology, and geochemistiy at 
the Site, as well as the existence of multiple potential contaminant sources and 
changes in historical pumping. 
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To acquire additional data in support of OUl of the RI/FS, the USGS, with technical 
support from CDM, planned and performed the field investigation at the Puchack 
Well Field Site. The OUl field investigation included the completion of soil borings, 
subsurface soil and aquifer sediment sampling, downhole geophysical surveys, 
monitoring well installation and development, groundwater sampling, and synoptic 
and continuous water level measurements. The majority of this work was conducted 
from July 20, 2000 tiirough June 8, 2001. 

Hydraulic Characteristics of the Study Area 
In Pennsauken Township and vicinity, permeable layers of sand and gravel of the 
Pennsauken Formation and Quaternary deposits cap most of the extent of the 
outcrops of the Cretaceous sediments that form the Potomac-Raritan-Magothy aquifer 
system (Owens and Denny 1979; Farlekas et. al 1976). Sands and gravels of the 
Pennsauken Formation are believed to have been deposited in a fluvial environment 
in which a series of down cutting channels were incised into the sediments below 
(Owens and Minard 1979). The Quaternary deposits grade from gravels and gravelly 
sand at Trenton to clayey silt at Philadelphia, most hkely representing a change in the 
depositional environment. Due to the complex interaction of the individual layers, 
caused by the various depositional methods, discontinuities in individual units are 
common resulting in hydraulic connections between the units. Major confining units 
can contain either sand or clay lenses which serve as either local water bearing zones, 
or as local confining units. Additionally, major confining units are found to pinch out 
in some areas. 

Nature and Extent of Contamination 
Inorganics in the Groundwater 
Hexavalent chromium groundwater contamination is the primary concern at the 
Puchack Site. Chromium exceeding the MCL has been detected in the Middle aquifer. 
Intermediate Sand and Lower aquifer. There also are scattered detections of mercury 
with no apparent pattern. Due to the highly soluble nature of compounds containing 
hexavalent chromium, their fates are dependent on their interactions with other 
chemicals present in the contaminated media. The concentiation at a given location 
over time will likely be affected by both the physical processes of advection, dilution 
and dispersion as well as chemical interactions with the aquifer system. 

Organics in the Groundwater 
A variety of organic contaminants are present in the groundwater at the Puchack Site, 
including several chlorinated organic compounds and petioleum hydrocarbons, the 
most prevalent being halogenated aliphatic compounds such as PCE, TCE and 1,1,1-
tiichloroethane (TCA). These contaminants have been detected in the Middle aquifer, 

- Intermediate Sand and Lower aquifer. The concentiations at a given location over 
time will likely be affected by both the physical processes of advection, dilution, and 
dispersion as well as reactions with other chemical constituents as well as microbes in 
the aquifer system. The commingled VOC contamination would be addressed as part 
of the Site remediation. 
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Human Health Risk Assessment (HHRA) 
The HHRA identified exposure routes and human receptor groups and provided 
quantitative estimates of the magnitude, frequency, and duration of exposure. As 
residential use of groundwater can include exposure via ingestion, dermal contact, 
and inhalation of volatile compounds, the HHRA for the FS evaluated all complete 
exposure routes. The EPA recommends target values or ranges (i.e., cancer risk of 10"̂  
to 10^ or hazard index [HI] of one) as threshold values for potential human health 
impacts. These target values aid in determining whether additional response action is 
necessary at the Site. 

Results of the HHRA for groundwater exposures for residential use at the Site showed 
values that exceeded both the EPA's target risk range of 10"* to 10^ and the HI of 1 for 
both carcinogeruc risks and noncarChvogenic hazards. Cancer risks associated with 
the Site were entirely due to the presence of VOCs in the groundwater, while 
noncancer hazards were primarily due to the presence of chromium and other 
inorganics. Results for groundwater exposures for worker ingestion indicated risks 
within the acceptable range for carcinogens while these hmits were exceeded for 
noncarcinogens. Cancer risks for workers were entirely due to the presence of VOCs 
in the groundwater, while noncancer hazards were primarily due to the presence of 
chromium and other inorganics. 

Remedial Action Objectives (RAOs) 
RAOs are medium-specific goals for protecting human health and the environment. 
The process followed in developing RAOs consists of identification of chemicals of 
potential concern; identification of potentially applicable Federal and State 
regulations and other guidance; identification of apphcable site-specific risk-based 
criteria; and the selection of the preliminary remediation goals (PRGs) based on the 
applicable or relevant and appropriate requirements (ARARs), guidance, or risk-based 
values. 

The primary contaminant of concern for the Puchack Well Field Site is hexavalent 
chromium in the groundwater. The chemical-specific ARARs for chromium 
contaminated groundwater include New Jersey (NJ) Groundwater Quality Standards, 
which is an applicable requirements. Federal Primary Drinking Water Standards 
MCLs and NJ Primary Drinking Water Standards MCLs, which are relevant and 
appropriate requirements. The NJ Groundwater Quality Standard is set at 70 | ig/L for 
total chromium and is selected as the preliminary remediation goals. 

The groundwater at the Puchack Site is also contaminated with VOCs. The RI results 
show that VOC contamination is present in areas well beyond the Site's chromium 
plume; VOC contamination of groundwater is therefore a regional problem rather 
than specific to the Puchack Site. Municipal wells in the area have existing tieatment 
facilities to remove VOCs from the extiacted groundwater, and the State is directing 
investigations/clean ups at a number of source areas. This FS will only consider 
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tieatment of extiacted VOCs together with the chromium. VOC contamination will 
not be targeted for in situ tieatment nor specifically extiacted for tieatment. 

The following RAOs have been identified for the site: 

• Restore the chromium contaminated groundwater aquifer for future beneficial 
use. 

• Prevent or minimize the migration of chromium in the groundwater to existing 
municipal well fields, or well fields potentially impacted in the future due to 
increased pumping rates. 

• Prevent or minimize potential future human exposures including ingestion 
and dermal contact with chromium contaminated groundwater. 

Summary of Remedial Alternatives 
Potential applicable technologies were identified and screened using effectiveness, 
implementability and cost as the criteria, with the most emphasis on the effectiveness 
of the remedial action. Those technologies that passed the initial screening were then 
assembled into four remedial alternatives. 

Description of Remedial Action Alternatives 
Alternative 1 - No Action 
The No Action alternative was retained for comparison purposes as required by the 
National Oil and Hazardous Substance Pollution Contingency (NCP). No remedial 
actions would be implemented as part of the No Action alternative. This alternative 
does not include institutional contiols. 

Alternative 2 - Moni tored Natural Attenuat ion (MNA)/In Situ Trea tment 
(Contingency Remedy)/Inst i tut ional Controls 
In this alternative, hexavalent chromium would be allowed to be reduced to tiivalent 
chromium by the natural reducing capacity of the aquifer sediment. Hexavalent 
chromium is toxic, mobile (i.e., soluble in water), and highly unstable. It can easily be 
reduced to tiivalent chromium by chemicals (e.g., ferrous iron) in soil and 
groundwater. Trivalent chrorruumis non-toxic, not mobile (precipitated out from 
water and fixated to soil particles), and extiemely stable. The reaction is not reversible 
under normal environmental conditions. A bench scale study has demonstiated that 
there is more than adequate reduction capacity in the aquifer sediment (outside of the 
plume area) to reduce the hexavalent chromium in the plume. Due to the reduction 
and retardation properties of the sediment, it is expected that the chromium plume 
would only migrate slowly (up to tens of feet per year) and would not migrate far. 

A compliance zone would be designated to provide a point of reference for the 
monitoring program. Groundwater would be sampled to monitor the contaminant 
concentiations and hexavalent chromium reduction over time. Additional monitoring 
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wells may be installed, as necessary, to allow for comprehensive monitoring of the 
contamination. If monitoring indicates that a certain portion of the plume has 
migrated past the compliance zone, an in situ tieatment zone would be installed either 
upgradient or downgradient of the compliance zone, depending on the sub-
alternative, to tieat the migrating plume. Depending on the in situ tieatment 
approach, either permeable reactive barrier (PRB) using a reducing agent such as 
sodium dithionite (Sub-alternative 2A), or geochemical fixation using a reducing 
agent such as sodium metabisuhite (Sub-alternative 2B) would be selected. 
Institutional contiols such as groundwater classification exemption area (CEA) and 
restiiction on new well installation would be implemented to prevent exposure to 
contaminated groundwater. ^ 

Present worth: 
Sub-alternative 2A (MNA only) $1.2 milhon 
Sub-alternative 2A (MNA witi:\ PRB) $10.5 miUion 
Sub-alternative 2B (MNA only) $1.2 milhon 
Sub-alternative 2B (MNA with in situ geochemical fixation) $7.8 miUion 

Alternative 3 - In Situ TreatmenVMNA/Inst i tu t ional Controls 
In this alternative, an in situ tieatment zone would be installed in selected areas either 
downgradient of or within the plume area to reduce hexavalent chromium to trivalent 
chromium in the Middle aquifer. Intermediate Sand and Lower aquifer. Depending 
on the in situ tieatment approach either PRB using a reducing agent such as sodium 
dithionite (Sub-alternative 3A), or geochemical fixation using a reducing agent such as 
sodium metabisuhite (Sub-alternative 3B and 3C) would be selected. Sub-alternatives 
3A and 3B would target the chromium plume greater than 1,000 mircograms/liter 
(ng/L), while Sub-alternative 3C would tieat the entire plume above the 70 M ĝ/L 
chromium PRG. The target value of 1,000 ug/L was selected because it is sufficiently 
higher than the PRG and, yet, about half the plume exceeds this value. This target 
value will allow for roughly hah the plume to be tieated in situ, to 1,000 ug/L. In 
areas that do not have an in situ tieatment zone, hexavalent chromium would be 
aUowed to be reduced to tiivalent chromium by the natural reducing capacity of the 
aquifer sediment. Groundwater monitoring would be performed to determine if a 
tieatment zone is required. Institutional contiols would be implemented to prevent 
exposure to contaminated groundwater. 

Present worth: 
Sub-alternative 3A (PRB>1000 ug/L) $14.5 milhon 
Sub-alternative 3B (in situ geochemical fixation>1000 |ag/L) $12.0 million 
Sub-alternative 3C (in situ geochemical fixation>70 )J.g/L) $17.6 million 

Alternative 4 - Groundwate r Extraction/TreatmenVOff-Site Disposal /Long-
Term Groundwate r Moni tor ing/ Inst i tut ional Controls 
In this alternative, contaminated groundwater would be extiacted and tieated ex situ. 
Treatment of extiacted groundwater would include inorganic removal using chemical 
reduction and precipitation with ferrous iron as a reducing agent, and VOC removal 
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using air stiipping. Treated water would be re-injected through injection weUs. Any 
excess groundwater would be discharged to off-site surface water. Groundwater 
monitoring would be performed to evaluate changes in contaminant concentiations 
and distiibutions over time. Institutional contiols would be implemented to prevent 
exposure to contaminated groundwater during remediation. 

Present Worth: $32.1 miUion 

Evaluation of Remedial Alternatives 
The groundwater alternatives were evaluated according to the following criteria. 

Overall Protection of H u m a n Heal th and the Environment 
Alternative 1 would not provide protection of human health, since contamination 
would persist in groundwater, and potential exposure to contaminated groundwater 
would not be restiicted. There is no mechanism to monitor the migration of the 
contaminant. Alternatives 2 through 4 are equally protective of human health by 
implementation of institutional contiols restiicting the future use of contaminated 
groundwater. Alternative 2 would utilize natural reductive capacity of the aquifer 
sediment to reduce and fixate the hexavalent chromium. A limited number of 
groundwater samples has shown that hexavalent chromium concentiations have been 
attenuated by more than 50 percent between 1998 and 2000. A bench scale study has 
shown that the aquifer sediment has more than adequate reductive capacity to reduce 
the hexavalent chromium plume. Alternative 2 also include in situ tieatment as a 
contingency remedy should any part of the chrorruum plume migrate pass a 
compliance zone. Alternatives 3 and 4 would utilize active tieatment processes to 
reduce the toxicity, mobility and volume of the contaminants. 

Alternative 1 would not be protective of the environment. Alternatives 2 through 4 
would provide protection of the environment as the contaminant migration would be 
restiicted by natural attenuation or active tieatment, and would not migrate to other 
media. 

Compliance wi th ARARs 
Alternative 1 would not comply with chemical-specific ARARs, while Alternative 2 
through 4 would comply with chemical-specific ARARs and achieve PRGs in the 
long-term. Long-term groundwater monitoring is a component of Alternatives 2 
through 4 to assess the degree of comphance achieved over time. All alternatives 
would comply with location- and action-specific ARARs. 

Long-Term Effectiveness and Permanence 
Alternative 1 would not be effective or permanent, since the contaminants would not 
be monitored and there would be no mechariism to prevent future exposure to 
contaminated groundwater. Alternatives 2 through 4 would be effective when 
combined with institutional contiols. Alternative 2 would rely on natural 
mechanisms to reduce contaminant levels. The results from both the groundwater 
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samples and bench scale study have demonstiated this would be a viable approach. 
Alternative 2 also includes in situ tieatment as a contingency remedy should the 
chromium plume migrate pass the compliance zone. Alternatives 3 and 4 would 
actively removed and tieated contaminants. The effectiveness of these alternatives 
would be assessed through periodic groundwater monitoring and five-year reviews. 
The relative degrees of effectiveness and permanence associated with Alternatives 2, 
3, and 4 are generally comparable. 

The in situ tieatment technologies under Alternatives 2 and 3 have been implemented 
at other Superfund sites but are still considered innovative technologies. Both bench 
and pilot scale tteatability studies would be required to demonstiate their 
effectiveness and develop the design parameters. 

Reduct ion of Toxicity, Mobil i ty , or Volume Through Trea tment 
Alternative 1 would not reduce the toxicity, mobility, and volume (TMV) through 
tieatment as no active tieatment of contaminated groundwater occurs. The toxicity 
and volume would eventually be reduced for Alternatives 1 and 2 by the natural 
reduction capacity of the aquifer sediment Alternative 2 would reduce the TMV 
through tieatment if in situ tieatment were implemented. Alternatives 3 and 4 would 
significantiy reduce the TMV of the contarrunated groundwater through tieatment. 
These alternatives involve reduction and immobilization of contaminants in the 
grovmdwater, thereby reducing toxicity. It is anticipated that Alternative 3 would 
achieve the most reduction in TMV in the shortest duration. Alternatives 2 and 4 
would achieve reduction of toxicity and volume in the long-term. 

Short-Term Effectiveness 
For Alternative 1, protection of the community and workers during remedial activities 
would not be applicable as no remedial action is occurring. Air monitoring, 
engineering contiols and appropriate worker personal protective equipment (PPE) 
would be used to protect the community and workers for Alternatives 2 through 4. 

There are no potential adverse impacts associated with construction and 
implementation of Alternative 1. Constiuction of the injection wells under 
Alternative 2 (if required as a contingency remedy) would have temporary negative 
impacts on the commercial business and the residences located near the proposed 
installation location. Alternative 3 would also have temporary impact to the 
commercial business and residences due to installation and operation of injection 
wells. 

Alternative 4 would have the greatest impact to the community. The pump and tieat 
system would be operated for approximately 30 years in the commercial business and 
residential areas. 

Sub-alternative 3C - In Situ Geochemical Fixation would achieve the PRGs in the 
shortest duration, expected to be in the five- to ten-year range. It is not known if the 
PRGs would be attained within the 30-year time frame for Alternatives 2 and 4, and 
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sub-alternatives 3B and 3C. Additional monitoring would provide the needed 
information to better predict the time to attain the PRGs for Alternative 2 and Sub-
alternatives 3B and 3C. 

Implementabi l i ty 
Alternative 1 would be easiest both technically and administiativeiy to implement. 
Alternatives 2 and 3 would be moderately difficult to implement. Alternative 4 is the 
most difficult to implement as there is very limited space available to lay the piping 
and build the treatment facility. Alternatives 2, 3 and 4 would require access 
agreements from the neighboring properties. Alternative 4 would also require the 
government to lease or purchase properties for the tieatment fachity. 

Cost 
Alternative 1 incurs no cost but also provides no protection to human health or the 
environment. Alternative 2 costs are low unless the in situ tieatment contingency 
remedy is required. Alternative 3 costs are higher than Alternative 2, and Alternative 
4 is the most expensive. 

The cost estimates for the in situ tieatment technologies under Alternatives 2 and 3 are 
highly dependent on the effective radius of tieatment. The cost estimates could vary 
significantly should the site conditions differ from the cost assumptions. Cost 
sensitivity analyses were performed for Sub-alternatives 3A, 3B, and 3C. Cost 
increases up to 71 percent were experienced if the injection point spacing was reduced 
by half. Other factors that could have significant effect on the cost estimates may 
include the injection duration at each location and the number of injection events. 
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Section 1 
Introduction 

1.1 Purpose and Report Organization 
This Groundwater Feasibility Study (FS) Report for Operable Unit 1 (OUl) was 
performed as part of the Remedial Investigation/Feasibility Study (RI/FS) for the 
groundwater contamination at the Puchack Well Field Superfund Site ("Site") located 
in Pennsauken Township, New Jersey. This FS was prepared by CDM Federal 
Programs Corporation (CDM), for the United States Envirorunental Protection Agency 
(EPA), Region II, as authorized under the option period RAC II Contiact 68-W-98-210, 
Work Assignment Number 102-RICO-02JL. 

Due to the complexity of the Site, EPA divided the Site into two Operable Units (OUs). 
OUl involves the investigation and cleanup of site-wide chromium contaminated 
groundwater, as weU as volatile organic compounds (VOCs) present in conjunction 
with chromium. OUl focuses on the clean up of the Puchack chromium plume as the 
primary goal. Addressing the commingled VOC contamination is a secondary goal for 
remediation. OU2 will address the investigation and cleanup of source areas that 
contiibuted to the Site's groiuidwater contamination. 

Iriformation concerning contamination for this FS was obtained from the Final OUl 
Remedial Investigation Report, Puchack WeU Field Superfund Site, dated June 22, 
2005 (CDM 2005), and the Final OUl Human Healtii Risk Assessment, dated March 
28, 2003 (CDM 2003). 

The purpose of this OUl FS is to develop and evaluate alternatives to remediate the 
Site's hexavalent chromium groundwater plume. The FS identifies Remedial Action 
Objectives (RAOs), develops General Response Actions (GRAs), identifies and screens 
available remedial technologies, and evaluates feasible and cost-effective remedial 
alternatives to address the Site's grotmdwater chromium plume . 

A Prehminary Evaluation (PE) report (CDM 2001) was prepared prior to this fuU FS to 
assist the EPA and New Jersey Department of Environmental Protection (NJDEP) to 
focus the bulk of the FS effort on the most promising remedial options. The PE 
developed and evaluated a number of remedial options and identified key 
components for the purpose of focusing this groundwater FS. The PE also presented 
an initial evaluation of remedial options for groundwater contamination at the Site. 
The PE evaluated various groundwater pumping, tieatment, and discharge options, as 
well as in situ tieatment options. The FS builds on the results of the PE, as well as 
incorporating the results of the recently completed tieatabihty study, as discussed in 
detail in Section 2.0. 

This FS report is divided into five sections: 
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Introduction 

Section 1 Intioduction: summarizes the Site history, provides a description of the 
Site features, and summarizes the results of the field investigation and 
human health risk assessment. 

Section 2 Identification and Screening of Technologies: provides the rationale for 
the remedial action objectives, describes general response actions, and 
identifies technology types and process options. 

Section 3 Development and Screening of Remedial Action Alternatives: provides 
a brief description and screens remedial technologies that are 
apphcable to the Site. 

Section 4 Detailed Analysis of Remedial Action Alternatives: evaluates and 
compares the remedial alternatives in detail using the nine EPA 
evaluation criteria. 

Section 5 References: presents the hst of reports, documents, and pubhcations 
used to prepare this FS. 

1.2 Background Information 
1.2.1 Site Description 
1.2.1.1 Puchack Well Field Superfund Site 
The Puchack WeU Field Superfund Site is located in a commercial/industiial and 
residential neighborhood of Pennsauken Township, Camden Coimty, New Jersey 
(Figure 1-1). OUl at the Puchack Site is defined by the location of the chromium 
contamination in groundwater, which is defined by the 70 micrograms per hter 
(l^g/L) chromium isoconcentiation hne. The 70 ^ig/L chromium isoconcentiation hne 
was chosen because this is the New Jersey Department of Envirorunental Protection 
(NJDEP) groundwater quality standard for chromium. Groundwater sampling data 
obtained in 1999-2001 were used to draw a 70 ug/L isoconcentiation hne, which 
shows that the chromium contaminated groundwater is situated in an area roughly 
bounded to the north by Route 90, to the east by Westfield Avenue, to the south by 
Cove Road, and to the west by the ConraU raihoad tiack (Figure 1-2). 

The area within and surrounding the site is used for residential, commercial, and 
industiial purposes. Several hundred single and multi-family residential buUdhigs, 
commercial buildings, and industiial facilities are located within a two-rrule radius of 
the Puchack Site. One section of the Pennsauken Industiial Park is located 
approximately one-half mile to the northeast of the Puchack site whUe another section 
of the industrial park is located approximately several hundred feet to the southwest. 
A ConraU raUroad tiack rims through the site and the tollgate for the Betsy Ross 
Bridge (Route 90) is located east of the site. , 
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1.2.1.2 Puchack Well Field 
The Puchack well field consists of six municipal supply wells that are owned and 
were operated by the City of Camden. The six public supply weUs are referred to as 
Puchack 1, 2, 3 (also referred to as 3A), 5 (also referred to as 5A), 4R/6-70, and 6-75/7. 
All six weUs are located within the area bounded by Route 90 (Betsy Ross Bridge) to 
the northeast, Forrest Avenue to the southeast, Derousse Avenue to the southwest, 
and River Road to the northwest. Three of the weUs are located in the vicinity of 
Sculley Park. The other three weUs are located within residential areas. Figure 1-2 
shows the location of the weU field. According to construction logs, the well depths 
range from 141 feet (Puchackl) to 220 feet (Puchack 4R/6-70) below grotmd surface 
(bgs). During operation, the six weUs had a combined capacity of six milhon gallons 
per day (mgd). A seventh Puchack supply weU, No. 4/SEALED, was reportedly 
destroyed during the constiuction of the adjacent Betsy Ross Bridge that spans the 
Delaware River and connects New Jersey and Pennsylvania. 

1.2.2 Site History 
Groundwater contamination, consisting of tiichloroethene (TCE), 1,1-dichloroethene 
(1,1-DCE), tetiachloroethene (PCE), and chromium, was first detected at Puchack 
4R/6-70 in the early 1970s. Further sampling indicated the presence of hexavalent 
chromium (which exhibits relatively high solubihty and toxicity) and tiivalent 
chromium (which exhibits relatively low solubUity and toxicity) at concentiations 
above the EPA maximum contaminant level (MCL), which resulted in Puchack 4R/6-
70 being removed from service in 1975. This was a significant loss to the supply 
system since this well was one of the city's most productive weUs, with a capacity of 
up to 3.2 mgd. In 1978, chromium was detected in Puchack 5/5A. This well was 
removed from service sometime between 1981 and 1983. In 1982, chromium was 
detected in Puchack 2, 3/3A, and 6-75/7. Historical chromium concentiations ranged 
from 1,500 to 3,000 ug/L (Weston 1997). In 1984, general use of the weU field was 
terminated; however, NJDEP allowed the continued contioUed pumping of Puchack 1 
to act as a temporary plume containment measure. Groimdwater extiacted from 
Puchack 1 was either discharged to Puchack Creek next to the Puchack Site or blended 
with the Camden City potable water supply. The pumping was discontinued on AprU 
20,1998. 

In 1986, CDM investigated the chromium contamination in the weU field on behalf of 
the State of New Jersey. The CDM investigation documented chromium 
concentiations up to 1,000 i^g/L, mercury concentiations up to 5.8 fig/L, and TCE 
concentiations up to 70 fig/L in the well field (CDM 1986). 

In October of 1991, NJDEP issued a directive to a number of facUities or companies in 
the Puchack Site vicinity that it "beheved...to be responsible for the discharge of... 
hazardous substances" that subsequentiy contaminated the groundwater. NJDEP 
determined what facUities would receive the dhectives "based upon a review of the 
hydrogeologic conditions that exist at the well field" and existing documentation of 
facihty operations and discharges (Weston 1997). Among the 22 facUities or 
companies identified are Advance Process Supply Company (APS); Davidson-PacUic 
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Wood Products (Davidson-Pacific); King Arthur, Incorporated (King Arthur); Mercon 
Industiies (Mercon); SGL Modern Hard Chrome (formerly SGL Modern Hard Chrome 
Service) (SGL Chrome); and Supertire Services, Incorporated (Supertire); all are 
suspected source areas for the Puchack Well Field Site. There are on-going 
investigations under State authority at some of these properties. To date, the specUic 
source or sources of the contaminants detected in the Puchack weUs may not have all 
been identified. 

In 1992, CDM was tasked by NJDEP to conduct a pUot scale tieatabihty study of the 
contaminated groundwater at Puchack weU field, which had an average hexavalent 
chromium concentiation of 2,500 |ig/L. Over a two month period, 1.7 mUlion gaUons 
of groundwater were tieated. The pilot scale system demonstiated a substantial 
reduction in chrorruum levels in the tieated water. The nearby Morris weU field 
water, which contained 30 to 45 miUigram per liter (mg/L) of hon, was considered as 
a potential source of ferrous hon. 

In March of 1996, NJDEP coUected samples from the Puchack supply wells. The 
samples were analyzed for VOCs, total metals, and cyanide. Analytical results 
indicated elevated levels of chromium, mercury, and TCE in all of the supply weUs. 
Detected chromium concentiations ranged from 46.6 | ig/L in PUchack 1 to 1,410 |J.g/L 
in Puchack 6-75/7. Mercury concentiations ranged from 0.15 (xg/L in Puchack 4R/6-
70 to 0.77 |ig/L in Puchack 2. TCE concentiations ranged from 0.3 | ig/L in Puchack 
5/5AA to 20 ^g/L m Puchack 2 (Weston 1997). 

hi 1997, the United States Geological Survey (USGS), m cooperation with NJDEP, 
initiated an investigation to evaluate existing groundwater quahty data, groundwater 
usage, groundwater levels, and hydrogeology of the Pennsauken Township area. As 
part of this investigation, a drUling and sampling program was conducted to obtain 
additional information on the extent of groundwater contamination related to the 
Puchack Site and to enhance the understanding of the area's hydrogeologic 
conditions. This investigation included the following tasks: 

• Twenty-six weUs, in 12 clusters, were installed and subsequently sampled. 
• Geophysical logs were run in each of the 12 weU cluster locations. 
• Twenty-nine additional existing wells were sampled. 
• Water level measurements were collected from 128 monitoring and water 

supply wells located at facihties throughout the study area to better define 
hydrauhc gradients and groundwater flow dhections in the Middle and Lower 
Potomac-Raritan-Magothy (PRM) aquUers. 

• USGS initiated the development of a groundwater flow model for the 
Pennsauken Township area. 

The draft USGS report (Walker and Jacobsen in press) surtunarizes the results of the 
1997-1998 USGS/NJDEP field investigation. Groundwater contaminated with 
chromium was found in the Middle aquifer in two isolated areas: one located at the 
SGL Chrome property and one located near the Permsauken Landfill north of the 
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Puchack Site. (Groundwater contamination at the Pennsauken Landfill is not related 
to the Puchack Site.) The SGL Chrome site is also the location of the highest 
hexavalent chromium groundwater contamination in the Middle aquifer at 11,540 
l^g/L. Based on sampling results from the 1997-1998 USGS investigation, total 
chromium levels in the Middle aquifer. Intermediate Sand, and Lower aquifer 
generaUy ranged from non-detect to 10,250 fig/L, 2 to 9,070 lag/L, and from non-
detect to 3,454 ug/L, respectively. 

The findings of the 1997-1998 USGS sampling indicated that VOC contamination was 
more widespread, with multiple sources, and was present in pockets near 
contaminant source areas. VOC contamination in the three aquifers has commingled 
with the chromium plume and is generally larger in size. TCE, with estimated 
concentiations up to 140 |J.g/L, was the most frequently detected VOC. Other 
frequentiy detected VOCs included 1,1,1-trichloroethane (1,1,1-TCA) with estimated 
concentiations up to 12,500 |ig/L, 1,1-DCE with estimated concentiations up to 3,580 
(ig/L, PCE with estimated concentiations up to 280 |ig/L, and benzene with estimated 
concentiations up to 1,200 fxg/L. 

The site was proposed for inclusion on the National Priorities List (NPL) in September 
of 1997 and was placed on the NPL on March 6,1998. 

1.2.2.1 Study Area Invest igat ions 

The nature and distiibution of groundwater contamination at and near the Puchack 
Well Field Site is complex. The results of previous tnvestigatioris, including those 
conducted by the USGS in cooperation with the NJDEP, have identified numerous 
complexities of the aquUer system stiatigraphy, hydrogeology, and geochemistry at 
the Site, as weU as the existence of multiple potential contaminant sources and 
changes in historical pumping. 

The USGS planned and implemented the field investigation, with technical support 
from CDM, at the Puchack Well Field Site to acquhe data for the OUl RI. The OUl 
field investigation included the completion of soil borings, subsurface soil and aquifer 
sediment sampling, downhole geophysical surveys, monitoring well instaUation and 
development, groundwater sampling, and synoptic and continuous water level 
measurements. The majority of this work was conducted from July 20, 2000 through 
Junes, 2001. 

The USGS was responsible for the planning and protocols requhed for the OU 1 RI 
field activities. All locations, procedures, and protocols for the installation of the 
monitoring wells were provided by the USGS. CDM provided technical support and 
subcontiacted services for drilling, well instaUation, surveying, waste management, 
and chemical analyses. 

The following activities were completed: 
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A total of 16 borings were advanced using hoUow stem auger methods at 
selected potential source areas. A total of 60 soU and geologic sediment 
samples were collected for chemical analyses. 
A total of 28 borings were advanced using mud rotary driUing methods. 
A total of 47 subsurface soil and geologic sediment samples (and 6 dupUcate 
samples) were collected from 43 monitoring well borings for chemical analysis. 
Downhole geophysical logging was conducted by the USGS at 27 locations. 
A total of 64 monitoring wells were installed and developed at 27 clusters 
during the RI field investigation. 
Thhteen grotmdwater samples from 13 monitoring and water supply weUs 
were collected for chemical analyses from October 1999 to December 1999. * 
135 groundwater samples from 88 monitoring wells were collected for 
chemical analyses from August 2000 to AprU 2001. 

Groundwater quahty in the PRM aquifer system in Permsauken Township has been 
affected by both inorganic and organic contartunants. Stiatigraphic and hydrologic 
data gathered at newly instaUed monitoring weUs has led to refined interpretations of 
local hydrostiatigraphy, groundwater flow directions, and hydraulic gradients. Thus, 
the distiibution of contaminants in the aquifer system can be better understood in 
hght of these interpretations, as described in the foUowing sections. 

1.2.2.2 Site Hydrogeology 

In Pennsauken Township and vicinity, permeable layers of sand and gravel (Figures 
1-3 and 1-4) of the Pennsauken Formation and Quaternary deposits cap most of the 
extent of the outcrops of the Cretaceous sediments that form the Potomac-Raritan-
Magothy aquifer system (Owens and Deimy 1979; Farlekas et. al 1976). Sands and 
gravels of the Pennsauken Formation are beheved to have been deposited in a fluvial 
environment in which a series of down cutting channels were incised into the 
sediments below (Owens and Minard 1979). The Quaternary deposits grade from 
gravels and graveUy sand at Trenton to clayey silt at Philadelphia, most likely 
representing a change in the depositional envirorunent. Due to the complex 
interaction of the individual layers, caused by the various depositional methods, 
discontinuities in individual units are corrunon resulting in hydraulic connections 
between the luiits. Major confining units can contain either sand or clay lenses which 
serve as either local water bearing zones, or as local confining units. AdditionaUy, 
major confining imits are found to pinch out in some areas. 

The foUowing information provides a surrunary of the hydrogeologic features at the 
Site: 

• There are four water-bearing units in the Potomac-Raritan-Magothy aquifer 
system: the Upper aquifer (mostly unsaturated in the study area), the Middle 
aquifer, the Intermediate Sand, and the Lower aquifer, all separated by leaky 
confining units. 

• A detaUed delineation of the hydrostiatigraphic framework in the study area 
indicates that there are areas of cut-and-fill in the confirung units. These create 

C D M 1-6 
Final Groundwater Feasibility Study Report 

400028 



Section 1 
Introduction 

permeable zones that apparently do not prevent passage of water through the 
confining units. 

• There are downward head gradients between the Middle aquifer and 
Intermediate Sand that promote movement of contaminated water between 
these two water-bearing units. 

• Although hydrauhc heads between the Intermediate Sand and the Lower 
aquifer are now similar, it is likely that during full-scale pumping at the 
Puchack Well Field, a greater downward head gradient between these two 
units existed. These conditions probably contiibuted to the movement of 
chromium contanunation from the Intermediate Sand into the Lower aquifer 
and to the Puchack weUs. 

• During fuU-scale pumping at the Puchack WeU Field, groimdwater flow 
directions, locally, were probably toward the northeast, but now have shifted 
to the southeast. Figures 1-5 and 1-6 identify the potentiometiic surface and 
groundwater flow dhection in the Middle aquifer and Lower aquifer 
(including the Intermediate Sand). 

• A general increase in water level elevations of over two feet in all aquifers 
from 1998 to 2000 was observed. 

• The current groundwater velocity is estimated to be 310 feet/year (ft/yr) (0.85 
ft/day), based o n a V = K * I / n , where: 

V = average linear velocity (ft/day) 
K = hydraulic conductivity (150 ft/day) 
I = hydraulic gradient (0.0017 ft/ft) 
n = effective porosity (0.3) 

1.2.3 N a t u r e a n d E x t e n t of C o n t a m i n a t i o n 

1.2.3.1 Inorganic Contaminat ion in Groundwate r 

Hexavalent chromium groimdwater contamination is the primary concern at the 
Puchack Site. There also are scattered detections of mercury with no apparent pattern. 
The areal extent and concentiation of metals exceeding MCLs detected during RI field 
investigations from 1999 to 2001 are depicted in Figure 1-7. The areal extent of the 
chromium plume above the 70 ^g/L groundwater quality standard in the Middle 
aquifer. Intermediate Sand and Lower aquifer is presented in Figures 1-8,1-9, and 1-
10, respectively. Major findings of chromium groundwater contamination include: 

• Chromium-contaminated groundwater forms plumes in each of three water
bearing zones: the Middle aquifer, the Intermediate Sand, and the Lower 
aquifer. 

• Chromium was detected in the Middle aquifer above the 70 ug/L groundwater 
quahty standard in two samples, one located at former SGL Chrome and one at 
the Pennsauken LandfiU. The chromium detected at SGL Chrome was not 
detected above the groundwater quahty standard either downgradient of this 
location in the Middle aquifer or directly below this location in the 
Intermediate Sand or Lower aquifer. 
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• The position and orientation of chromium detected in the Middle aquifer 
indicate the SGL chromium contaminant source area is related to the Site. The 
Pennsauken LandfUl located to the north appears to be unrelated to the Site. 

• Chromium-contaminated groundwater has moved through more permeable 
lenses in confining units between the water-bearing zones in response to 
downward vertical head gradients, resulting in contamination reaching deeper 
water bearing units. 

• The plumes in the Intermediate Sand and Lower aquifer are moving to the 
southeast, an apparent shift in direction since shut down of the Puchack WeU 
Field. 

• Chromium concentiations in the groundwater plumes have generally 
decreased from 1997-1998 to 2000-2001, as shown in Table 1-1. One exception 
to this tiend was observed in MW-14 (Intermediate Sand) where chromium 
levels have increased, presumably due to the shift in groundwater flow 
direction after the Puchack WeU Field was shut down. 

• It is not clear whether the decreases in chromium concentrations are the result 
of reduction of hexavalent chromium and precipitation of the resulting 
tiivalent chromium, whether hexavalent chromium is adsorbing to aquifer 
materials, or whether physical movement (advection and dispersion) of the 
plumes has led to decreases in concentiation at a given weU. Based on existing 
data, it is likely that aU three processes have affected chromium concentiations. 

1.2.3.2 Organic Contaminat ion in Groundwate r 

A variety of organic contaminants are present in the groundwater at the Puchack Site, 
including several chlorinated organic compounds and petioleum hydrocarbons. The 
areal extent and concentiation of VOCs exceeding MCLs are depicted in Figure 1-11. 
The areal extent of the VOCs in the Middle aquifer. Intermediate Sand and Lower 
aquifer is presented in Figures 1-12,1-13, and 1-14, respectively. Major findings of 
VOC contamination include: 

• The most frequently detected VOC is TCE; others (including PCE, 1,1,1-TCA, 
and benzene, toluene, ethyl benzene, and total xylene [BTEX]) are detected less 
frequentiy. 

• VOC contamination is more widespread in all water-bearing units than 
chromium contamination. Coherent VOC plumes have not been identified. 

• Based on the variety of compounds and widespread distiibution, multiple 
sources of VOCs are hkely. 

• At several locations, VOC concentiations have declined and there is evidence 
of degradation of the VOCs, particularly the chlorinated compoimds, as czs-1,2-
dichloroethene and vinyl chloride are detected, and their frequency and 
concentiations increase with depth in the aquifer system (Table 1-2). 

• As with the chromium plume, there is evidence of movement of VOC 
contamination. 

The commingled VOC contamination would be addressed as part of the Site 
remediation. However, EPA intends to include tieatment of VOCs that are 
encountered during Puchack chromium plume capture. VOC contamination that is 
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not captured within the chromium plume will be considered separately from the 
Puchack remediation. 

1.2.3.3 Potential Contaminat ion Sources 

Limited investigations were conducted at five potential source areas. These properties 
include Advanced Process Supply Company (APS); King Arthur, Incorporated (King 
Arthur); Mercon Industiies (Mercon); SGL Modern Hard Chrome Service (SGL 
Chrome); and Supertire Services, Incorporated (Supertire). The major findings from 
the EPA investigation include: 

• SGL Chrome property appears to be a source of chromium contamination, 
based on the high concentiations of chromium detected in soil and 
groundw^ater samples. 

• Only sporadic chromium contamination, mostly at levels below background 
concentiations, were detected in samples from the four other properties 
investigated. 

• Organic contamination was found in all five properties. The major 
contaminants included TCE, 1,1,1-TCA, and PCE. 

• High concentiations of 1,1,1-TCA were detected in soil gas and soil samples 
from the Supertire property. 

The Mercon Industiies facihty is considered a potential source area and hmited 
investigation was performed in the vicinity of the facility during the RI. Two 
groundwater samples were coUected from monitoring wells adjacent to the Mercon 
lagoon in the middle aquifer (MW-24M) and the Intermediate Sand aquifer (MW-241). 
Chromium was detected in these samples at 1.1 ug /L and 3.3 ug/L, respectively. 
Since these sample results are significantly below the 70 ug / L groundwater quality 
standard, quantifiable evidence is not avaUable to consider the Mercon facUity as a 
known source area. 

1.2.4 Contaminant Fate and Transport 
1.2.4.1 Cr(VI): Fate in the Aquifer 
The primary inorganic contaminant of concern in the groundwater at the Puchack Site 
is chromium in the hexavalent form. Because species containing Cr(Vl) tend to be 
highly soluble and therefore mobile, theh fates are dependent on theh interactions 
with other chemicals present in the contaminated media. 

The concentiation at a given location over time can be affected by several 
mechanisms. Advection reduces the concentiation through the physical replacement 
of contaminated groundwater with less contaminated groundwater from an 
upgradient source. DUution occurs as uncontaminated groundwater, in this case 
primarUy from infUtiation and lateral flow from the Delaware River, flows into the 
plume area. Dispersion is a fimction of different hydraulic conductivities along the 
path of flow spreading the contamination longitudinally ahead of the average flow, as 
well as laterally. AU three of these physical mechanisms are enhanced during periods 
in which the Puchack wells were pumping. 
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Several chemical processes can contiibute to the decrease in concentiation of aqueous 
chromium. Under the moderately acidic conditions that prevail in much of the 
aquifer system, some Cr(VI) may adsorb to the sediment. Because the adsorption 
process is a reversible equilibrium process affected by changes in competing anions 
and pH, the chromium is not permanentiy bound to the sediments. The reduction of 
Cr(VI) and precipitation of Cr(lII) is another likely mechanism for the removal of 
hexavalent chromium from the aqueous phase. 

Based on existing data, it is hkely that the above mentioned processes have all affected 
chromium concentiations. 

1.2.4.2 Cr(VI): Transport in the Aquifer 
During the periods of active discharge chromium initiaUy moved down through the 
soil colunm and into the Middle aquifer layer. Cr(VI) would initiaUy interact with 
constituents in the soils where, depending on the soil characteristics, it would either 
adsorbonto the soil particles or be reduced to Cr (III). Once the soils 
adsorption/reduction capacity was reached, Cr(VI) would continue to migrate 
horizontally and vertically untU its downward migration was impeded locaUy by a 
confining unit. Chromium migrated eastward until reaching discontinuities in the 
confining layer and was able to move into the Intermediate Sand layer. Historically, 
during periods of active dumping, the Cr(VI) was estimated to move several hundred 
to a thousand feet per year as a result of a combination of factors. Higher 
groundwater velocity, depletion of adsorptive and reductive capacities of the soil, 
increased hydraulic gradient, preferential pathways and the presence of sulfate, which 
increases the mobility of Cr(VI) all contiibuted to this increased migration rate. 
An estimate can be made of the rate that hexavalent chromium would migrate from 
the leading edge of the plume imder current conditions. Given the groundwater 
velocity of 310 ft/yr and the retardation factor (calculated in Appendix A) of 26 to 65 
(hexavalent chromium near the downgradient plume boundary), this would yield a 
hexavalent chromium velocity in the groundwater of only between 5 and 12 ft/yr. 
This estimate does not take into account the reduction of hexavalent chromium to 
tiivalent chromium and binding to the aquifer solids due to the natural reductive 
capacity of the aquifer. Due to the high retardation factor, the Cr(III) would hardly 
move. 

A downward vertical gradient provided by pumping from the Puchack well field and 
other nearby well fields drawing from the Lower aquifer provided the driving force 
for contaminant migration from the Middle aquifer to the Intermediate Sand, and 
subsequently Lower aquifer (Figure 1-15). The Intermediate Sand also is connected 
hydraulicaUy to the Lower aquifer (Walker and Jacobsen, in press) and thus this 
condition has, in the past, facilitated the movement of contaminated water downward 
into the more regionally extensive Lower aquifer. The hydraulic gradient between the 
intermediate Sand and the Lower aquifer probably has decreased since cessation of 
full-scale pumping at the Puchack well field, to the point where, since 1998, heads in 
both units are nearly the same. The similar heads illustiate the effective hydraulic 
connection between these two water-bearing zones. Thus, there is currentiy little 
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impetus for contamination to continue to move downward, out of the Intermediate 
Sand. This could change if local pumping patterns in the Lower aquifer change. 

1.2.4.3 VOCs: Fate in the Aquifer 
A wide variety of VOCs are found in groundwater in the study area: the most 
prevalent being halogenated ahphatic compounds such as PCE, TCE and 1,1,1-TCA 
with significantiy lower levels of aromatic compounds also being present. 

The fate of organic contaminants depends on not ordy their reactions with other 
chemical constituents, but also with microbes in the aquifer. Decreases in 
concentiation at a specific location over time can be the result of biogeochemical 
interactions or the migration of the plume away from the specific location. 
Chlorinated solvents and aromatic hydrocarbons can adsorb onto soil particles, but as 
this is a reversible process the aquifer may not permanentiy sequester compounds. 
Increases in concentiation over time are likely due to plume movement. 

Changes in concentiation indicate that both plume movement and degradation are 
likely occurring. The presence or increase in daughter products as weU as changes in 
concentiation of other constituents and anomahes in redox potential may also indicate 
degradation. 

1.2.4.4 VOCs: Transpor t in the Aquifer 
VOC contaminated water appears to have moved from the Middle aquifer, through 
more permeable lenses in confining units, into the Intermediate Sand and Lower 
aquifer over a wider area than has chromium-contaminated water. VOCs generally 
do not appear to have reached the Lower aquifer in the western part of the study area, 
but they appear with greater frequency, at increasingly deeper depths, and in higher 
concentiations in more easterly parts of the aquifer system. Plume movement is 
generaUy in the southeasterly direction at a rate of approximately 44 ft/yr for m-
xylene and p-xylene and 155 ft/yr for benzene. 

1.2.4.5 Contaminant Interactions 
In the Intermediate Sand, Lower aquifer and to a lesser extent the Middle aquifer the 
VOC-contaminated groundwater overlaps the chromium-contaminated groundwater. 
This has the potential for interactions between contaminants or competition between 
contaminants. 

1.2.5 Baseline Risk Assessment 
CDM prepared a Final Human Health Risk Assessment (HHRA) using the RI 
groundwater data to evaluate the potential health threats to residents via ingestion, 
dermal contact and inhalation pathways. The Final HHRA was submitted to EPA on 
March 28, 2003. The risks associated with the Middle and Lower aquifers (including 
the Intermediate Sand) were identified. The estimates of cancer risk and noncancer 
health hazard and the greatest chemical contiibutors to these estimates were 
presented and discussed. 
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1.2.5.1 Summary of H H R A Approach 

Contaminants of potential concern (COPCs) were selected for evaluation in the risk 
assessment based on criteria outlined in EPA's Risk Assessment Guidance for Superfund 
(RAGS) (EPA 1989). The COPCs included VOCs and morganics. 

The HHRA identified exposure routes and human receptor groups and provided 
quantitative estimates of the magnitude, frequency, and duration o{ exposure. As 
residential use of groundwater can include exposure via ingestion, dermal contact, 
and inhalation of volatUe compounds, the HHRA for the FS evaluated aU complete 
exposure routes. In this assessment, exposure point concentiations were estimated 
using the minimum of the 95 percent upper confidence level (UCL) and the maximum 
concentiation. Chronic daUy intakes were calculated based on the reasonable 
maxiinum exposure (RME), which is the highest exposure reasonably expected to 
occur at a site. The RME is intended to estimate a conservative exposure case that is 
stUl within the range of possible exposures. Cential tendency (CT) exposure 
assumptions were also developed. 

In the toxicity assessment, current toxicological human health data (i.e., reference 
doses and slope factors) were obtained from various sources and were utilized in the 
order as specified by RAGS (EPA 1989). 
Risk characterization involved integrating the exposure and toxicity assessments into 
quantitative expressions of risks/health effects. Specifically, chronic daUy intakes 
were compared with concentiations known or suspected to present health risks or 
hazards. 

in accordance with the National OU and Hazardous Substance PoUution Contingency 
Plan (NCP) Section 300.430 (e)(2) for known or suspected carcinogens, acceptable 
exposure levels are generaUy concentiation levels that represent an excess upper-
bound lifetime cancer risk to an individual of between 10"̂  and 10^. Per RAGS Part B: 
Development of Risk-Based Preliminary Remediation Goals (EPA 1991), for 
noncarcinogenic effects, the NCR does not specify a range, but it is generaUy 
appropriate to assume a hazard index (HI) equal to 1. 

in generaL the EPA recommends target values or ranges (i.e., cancer risk of 10"* to 10^ 
or hazard index of one) as threshold values for potential human health impacts (EPA 
1989). These target values aid in determining whether additional response action is 
necessary at the Site. In cases where remedial action is warranted, the values also 
provide a basis for determining residual chemical levels that are adequately protective 
of human health, as weU as a basis for comparing potential health impacts of various 
remedial alternatives. 

1.2.5.2 Summary of Risks 

A review of the carcinogenic risks and noncarcinogenic hazards for groundwater 
exposures at the Site showed values that exceeded both the EPA's target risk range of 
10"* to 10^ and HI of 1. Cancer risks associated with the Site were entirely due to the 
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presence of VOCs in the groundwater, while noncancer hazards were primarily due to 
the presence of chromium and other inorganics. 

1.2.5.2.1 Summary of Risks Associated w i th the M i d d l e Aquifer 
Total excess lifetime cancer risk from residential use of Middle aquifer groundwater 
assuming exposure from ages 0 to 30 years was 2.1 x 10"̂  (two in one hundred) for the 
RME scenario. The cancer risk for that population decreased about 8-fold to 2.6 x 10"̂  
(almost three in one thousand) when CT exposure assumptions were used. Thus, both 
RME and CT exposures for residents would result in excess lifetime cancer risks that 
exceed EPA's target risk range of 10"* to 10^. The chemicals that contiibuted most 
significantly to residential cancer risk estimates for the Middle aquifer include TCE, 
benzene, PCE, and 1,1-DCE. 

For the Middle aquifer, the total RME hazard index for adult residents was 120, for 
child residents was 420, and for the combined adult and child resident was 180, aU of 
which are well above the threshold of 1 for noncancer effects. The total CT HI for 
adult residents was 75, for chUd residents was 120, and for the combined adult and 
child resident was 47, aU of which were well above the threshold of 1 for noncancer 
effects. Based on these hazard indices there is a potential for noncancer health effects 
to occur from residential use of groundwater from the Middle aquifer at the Site under 

either the RME or CT exposure scenarios. The chemicals that contiibuted most 
significantly to residential hazard index estimates for the Middle aquifer are 
chromium, TCE, benzene, and manganese. 

Total excess lifetime cancer risk from worker ingestion of Middle aquifer groundwater 
was 6.2 X 10"̂  (six in one hundred thousand) for the RME scenario. The cancer risk for 
that population decreased almost 4-fold to 1.6 x 10'̂  (one in one hundred thousand) 
when CT exposure assumptions were used. Thus, both RME and CT exposures for 
workers would result in cancer risks that are within EPA's target risk range of 10"* to 
10"*. The chemicals that contiibuted most significantiy to worker cancer risk estimates 
for the Middle aquifer were the same as those that contiibuted most significantiy to 
the residential risks (i.e., TCE, benzene, 1,1-DCE, and PCE). 

The total RME hazard index froin worker ingestion of Middle aquifer groundwater 
was 35 for the RME scenario and 31 for the CT exposure scenario. Thus, both RME and 
CT exposures for workers would result in noncancer hazard indices that are above the 
threshold of 1 for noncancer effects. The chemicals that contiibuted most significantly 
to worker HI estimates for the Middle aquifer were chromium, TCE, and manganese. 

1.2.5.2.2 Summary of Risks Associated with the Lower Aquifer 
Total excess lifetime cancer risk from residential use of Lower aquifer (including the 
Intermediate Sand) groundwater assuming exposure from ages 0 to 30 years was 2.3 x 
10"̂  (about two in one thousand) for the RME scenario. The cancer risk for that 
population decreased almost 8-fold to 2.9 x 10^ (almost three in ten thousand) when 
CT exposure assumptions were used. Thus both RME and CT exposures for residents 
using Lower aquifer water would result in excess lifetime cancer risks exceeding 
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EPA's target risk range of 10"* to 10"*. The chemical that contiibuted most significantly 
to residential cancer risk estimates for the Lower aquifer was TCE. Other chemicals 
that contiibuted to residential cancer risk estimates included 1,1-DCE, benzene, and 
PCE. 

For the Lower aquifer, the total RME HI for adult residents, chUd residents and 
combined adult and chUd residents were 42,120 and 60 respectively; aU of which were 
above the threshold of 1 for noncancer effects. The total CT hazard index for adult 
residents, child residents and combined adult and chUd residents were 26, 40 and 16 
respectively; all of w^hich were above the threshold of 1 for noncancer effects. Based 
on these hazard indices there is a potential for noncancer health effects to occur from 
residential use of groundwater from the Lower aquifer at the Site under either the 
RME or CT exposure scenarios. The chemicals that contributed most significantly to 
residential hazard index estimates for the Lower aquifer were chromium, TCE, 
manganese, and chloroform. 

Total excess lifetime cancer risk from w^orker ingestion of Low^er aquifer groundwater 
was 7.1 X10"* for the RME scenario. The cancer risk for that population decreased 
almost 4-fold to 1.8 x 10"* when CT exposure assumptions were used. Thus, both RME 
and CT exposures for workers would result in cancer risks that are within EPA's 
target risk range of 10"* to 10^. The chemicals that contiibuted most significantly to 
worker cancer risk estimates for the Lower aquifer were 1,1-DCE and TCE. 

The total RME HI from worker ingestion of Lower aquifer groundwater was 12 for the 
RME scenario and 11 for the CT exposure scenario. Thus, both RME and CT exposures 
for workers would result in noncancer hazard indices that are above the threshold of 1 
for noncancer effects. The chemicals that contiibuted most significantly to worker HI 
estimates for the Lower aquifer were chromium, TCE, and manganese. 
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Table 1-1 
Changes in Chromium Concentrations in Selected Wells 

Sampled in 1998-1999, 2000 and 2001 ̂ ^̂  
Puchack Well Field Superfund Site 
Pennsauken Township, New Jersey 

Well 
Name '^' 

Date 
Sampled 

Total 
Chromium 
Cone.'="''' 

(^g/L) 

Date 
Sampled 

Total 
Chromium 

Cone.'^' 

(ug/L) 

Change In 
Chromium 

Cone. 

(^g/L) 

Percent 
Change in 
Chromium 

Cone. 

Middle Aquifer Wells 

Landfill 4 
MW-1S 

03/02/98 
05/07/98 

341 
9,720 

12/01/99 
02/14/01 

290 
8,010 

-51 
-1,710 

-15 
-18 

Intermediate Sand Wells 

CCMW-1A 
CCMW-2A 
MW-51 
MW-14 

02/25/98 
02/26/98 
05/06/98 
03/25/98 

4,130 
9,070 
8,100 

<1 

12/11/00 
10/30/00 
09/06/00 
01/11/01 

1,730 
3,570 
3,010 
1,720 

-2,400 
-5,500 
-5,090 
+1,720 

-58 
-61 
-63 
NM 

Lower Aquifer Wells 

MW-5D 
MW-6D 

04/30/98 
04/22/98 

904 
3,320 

09/07/00 
11/02/00 

384'-" 
1,450 

-520 
-1,870 

-58 
-56 

Notes: 
(1) Only wells with total chromium concentrations above MCL in one of the sample rounds were shown here. 
(2) In all cases but MW-6D, hexavalent chromium concentrations are similar to, or larger than, total chromium 
concentrations. Therefore, in all but the later sample from MW-6D, all chromium measured is in the hexavalent 
form. 
(3) Filtered sample results 
(4) This table includes data collected in 1998 (Walker, R.L, and Jacobsen, Eric. In press) and 1999 under the 
NJDEP contract and during the OU1 RI, 2000-2001 
Cone. = Concentration 
NM = No Meaning 
ug/L = microgram per liter 
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Table 1-2 
Changes in VOCs Over Time in Selected Groundwater Samples^ 

Puchack Well Field Superfund Site 
Pennsauken Township, New Jersey 

VOC 

TCE 
TCE 
TCE 
TCE 
TCE 
TCE 
TCE 
TCE 
TCE 
TCE 
TCE 
TCE 
TCE 
TCE 
TCE 
TCE 
TCE 

PCE 
PCE 
PCE 
PCE 
PCE 
PCE 
PCE 
PCE 
PCE 
PCE 
PCE 

Well Name 

CCMW-1A 
CCMW-1B 
CCMW-2A 
CCMW-4A 
MW-10M 
MW-12M 
MW-14 
MW-1S 
MW-3D 
MW-3M 
MW-4D 
MW-41 
MW-4M 
MW-5D 
MW-51 
MW-6D 
MW-9D 

CCMW-1A 
CCMW-2A 
Landfill-4 
MW-12M 
MW-14 
MW-1S 
MW-4D 
MW-41 
MW-51 
MW-6D 
MW-9D 

Date 
Sampled 

02/25/98 
02/03/98 
02/26/98 
03/30/98 
04/29/98 
04/13/98 
03/25/98 
05/07/98 
04/14/98 
04/14/98 
04/07/98 
04/07/98 
04/07/98 
04/30/98 
05/06/98 
04/22/98 
04/21/98 

02/25/98 
02/03/98 
03/02/98 
04/13/98 
03/25/98 
05/07/98 
04/07/98 
04/07/98 
05/06/98 
04/22/98 
04/21/98 

VOC 

Concentration 
(mg/L) 

16 
E35 
E51 
12 
E24 
16 
E93 
E76 
3 

1.3 
18 

E140 
0.5 
0.91 
E48 
17 

El 30 

2 
5 
4 

E0.28 
4 

E280 
1 

<0.5 
3 

, 1 
11 

Date 
Sampled 

12/11/00 
11/30/00 
10/30/00 
01/09/01 
03/07/01 
12/07/99 
01/11/01 
02/14/01 
01/30/01 
01/03/01 
08/29/00 
08/29/00 
08/28/00 
09/07/00 
09/06/00 
11/02/00 
12/14/99 

12/11/00 
11/30/00 
12/01/99 
12/07/99 
01/11/01 
02/14/01 
08/29/00 
08/29/00 
09/06/00 
11/02/00 
12/14/99 

VOC 

Concentration 
(mg/L) 

8.4 
220 
43 
12 

E3.5 
36 
53 
110 
3.4 
0.22 

, 9 
52 
<1 

1.3 
24 
9.3 
46 

0.47 
3 

2.1 
1.1 
7.5 
230 
E0.78 
E0.87 
E0.49 

<1 
11 

Change in VOC 
Concentration 

(mg/L) 

-7.6 
185 
-8 
0 

-20.5 
20 
-40 
34 
0.4 

-1.08 
-9 
-88 
-

0.39 
-24 
-7.7 
-84 

-1.53 
-2 

-1.9 
0.82 
3.5 
-50 

-0.22 
>-0.37 
-2.51 

~ 
0 

Percent Change 
in VOC 

Concentration 

-48 
529 
-16 
0 

-85 
125 
-43 
45 
13 
-83 
-50 
-63 
0 

43 
-50 
-45 
-65 

-77 
-40 
-48 
293 
88 
-18 
-22 
NM 
-84 
NM 
0 

CDM 
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Table 1-2 
Changes in VOCs Over Time in Selected Groundwater Samples^ 

Puchack Well Field Superfund Site 
Pennsauken Township, New Jersey 

VOC 

c/s-1,2-DCE 
c/s-1.2-DCE 
c/s-1,2-DCE 
c/s-1,2-DCE 
c/s-1,2-DCE 
c/s-1,2-DCE 
c/s-1.2-DCE 
c/s-1,2-DCE 
c/s-1.2-DCE 
c/s-1,2-DCE 
c/s-1,2-DCE 
c/s-1,2-DCE 

Well Name 

CCMW-2A 
CCMW-4A 
MW-10M 
MW-12M 
MW-14 
MW-1S 
MW-4D 
MW-41 
MW-5D 
MW-51 
MW-6D 
MW-9D 

Date 
Sampled 

02/03/98 
03/30/98 
04/29/98 
04/13/98 
03/25/98 
05/07/98 
04/07/98 
04/07/98 
04/30/98 
05/06/98 
04/22/98 
04/21/98 

VOC 

Concentration 
(mg/L) 

2 
<0.1 
E22 
<0.1 
0.9 
8 
E0.3 
4 
<0.1 
5 

<0.4 
19 

Date 
Sampled 

11/30/00 
01/09/01 
03/07/01 
12/07/99 
01/11/01 
02/14/01 
08/29/00 
08/29/00 
09/07/00 
09/06/00 
11/02/00 
12/14/99 

VOC 

Concentration 
(mg/L) 

1.4 
1.7 

<100 
E0.2 

2 
E8.6 

<1 
<1 

E0.28 
4.7 
1.6 
36 

Change in VOC 
Concentration 

(mg/L) 

-0.6 
>+1.6 

~ 
>+0.1 
1.1 
0.6 
-

>-3 
>+0.18 
-0.3 

>+1.2 
17 

Percent Change 
in VOC 

Concentration 

-30 
NM 
NM 
NM 
122 
8 

NM 
-75 
NM 
-6 

NM 
89 
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Table 1-2 
Changes in VOCs Over Time in Selected Groundwater Samples^ 

Puchack Well Field Superfund Site 
Pennsauken Township, New Jersey 

VOC 

1.1-DCE 
1,1-DCE 
1.1-DCE 
1.1-DCE 
1.1-DCE 
1,1-DCE 
1.1-DCE 
1.1-DCE 
1.1-DCE 
1.1-DCE 

1.2-DCA 
1,2-DCA 
1.2-DCA 
1.2-DCA 
1.2-DCA 

1.1-DC A 
1.1-DCA 
1,1-DCA 
1.1-DCA 
1.1-DCA 
1,1-DCA 
1.1-DCA 
1,1 DCA 
1,1-DCA 
1.1-DCA 

1.1.2-TCA 

Well Name 

CCMW-1A 
CCMW-2A 
MW-12M 
MW-14 
MW-1S 
MW-4D 
MW-41 
MW-51 
MW-6D 
MW-9D 

MW-14 
MW-4D 
MW-6D 
MW-9D 
MW-51 

CCMW-1A 
CCMW-2A 
CCMW-4A 
Landfill-4 
MW-14 ' 
MW-4D 
MW-5D 
MW-51 
MW-6D 
MW-9D 

MW-51 

Date 
Sampled 

02/25/98 
02/03/98 
04/13/98 
03/25/98 
05/07/98 
04/07/98 
04/07/98 
05/06/98 
04/22/98 
04/21/98 

03/25/98 
04/07/98 
04/22/98 
04/21/98 
05/06/98 

02/25/98 
02/03/98 
03/30/98 
03/02/98 
03/25/98 
04/07/98 
04/30/98 
05/06/98 
04/22/98 
04/21/98 

05/06/98 

VOC 

Concentration 
(mg/L) 

2 
5 

<0.12 
E10 
9 
1 

<0.4 
10 
3 
2 

0.5 
0.4 
0.3 
2 

0.4 

2 
1 

2.6 
E0.07 
0.5 
E0.3 

<0.09 
3 

0.9 
6 

0.2 

Date 
Sampled 

12/11/00 
11/30/00 
12/07/99 
01/11/01 
02/14/01 
08/29/00 
08/29/00 
09/06/00 
11/02/00 
12/14/99 

01/11/01 
08/29/00 
11/02/00 
12/14/99 
09/06/00 

12/11/00 
11/30/00 
01/09/01 
12/01/99 
01/11/01 
08/29/00 
09/07/00 
09/06/00 
11/02/00 
12/14/99 

VOC 

Concentration 
(mg/L) 

0.9 
4.1 
2.3 
5.8 
E6.8 
E0.46 
E0.56 
2.7 
E0.78 
3.2 

<1 
<1 
<1 
2 
<1 

2.4 
1.1 
1.5 
<1 

1.7 
E0.2 

E0.21 
3.8 
1 

5.5 

09/06/00 <1 

Change in VOC 
Concentration 

(mg/L) 

-1.1 
-0.9 

>+2.18 
-4.2 
-2.2 
-0.54 

>-0.16 
-7.3 

-2.22 
1.2 

— 
~ 
~ 
0 
~ 

0.4 
0.1 
-1.1 
~ 

1.2 
-0.2 

>+0.12 
0.8 
0.1 
-0.5 

Percent Change 
in VOC 

Concentration 

-55 
-18 
NM 
-42 
-24 
-54 
NM 
-73 
-74 
60 

NM 
NM 
NM 
0 

NM 

20 
10 
-42 
NM 
240 
NM 
NM 
27 
11 
-8 

NM 1 

CDM 
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Table 1-2 
Changes in VOCs Over Time in Selected Groundwater Samples^ 

Puchack Well Field Superfund Site 
Pennsauken Township, New Jersey 

VOC 

1.1.1-TCA 
1.1.1-TCA 
1.1,1-TCA 
1.1,1-TCA 
1,1.1-TCA 
1,1,1-TCA 
1,1,1-TCA 
1,1,1-TCA 
1.1.1-TCA 
1.1.1-TCA 
1.1.1-TCA 
1,1.1-TCA 

Well Name 

CCMW-1A 
CCMW-2A 
CCMW-4A 
MW-12M 
MW-14 
MW-1S 
MW-3M 
MW-4D 
MW-41 
MW-51 
MW-6D 
MW-9D 

Date 
Sampled 

02/25/98 
02/03/98 
03/30/98 
04/13/98 
03/25/98 
05/07/98 
04/14/98 
04/07/98 
04/07/98 
05/06/98 
04/22/98 
04/21/98 

VOC 

Concentration 
(mg/L) 

6 
8 
13 

0.76 
9 
6 

2.4 
1 

E0.4 
11 
3 

0.7 

Date 
Sampled 

12/11/00 
11/30/00 
01/09/01 
12/07/99 
01/11/01 
02/14/01 
01/03/01 
08/29/00 
08/29/00 
09/06/00 
11/02/00 
12/14/99 

VOC 

Concentration 
(mg/L) 

3.3 
3.7 
1.1 
2.8 
4.9 
E5.2 
E0.38 
E0.56 
E0.68 

5 
1.4 
2.6 

Change in VOC 
Concentration 

(mg/L) 

-2.7 
-4.3 
-11.9 
2.04 
-4.1 
-0.8 
-2.02 
-0.44 
0.28 
-6 

-1.6 
1.9 

Percent Change 
in VOC 

Concentration 

-45 
-54 
-92 
268 
-46 
-13 
-84 
-44 
NM 
-55 
-53 
271 
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Table 1-2 
Changes in VOCs Over Time in Selected Groundwater Samples^ 

Puchack Well Field Superfund Site 
Pennsauken Township, New Jersey 

VOC 

Ethylbenzene 
Benzene 

Well Name 

MW-10M 
MW-10M 

Date 
Sampled 

04/29/98 
04/29/98 

VOC 

Concentration 
(mg/L) 

El 000 
El 200 

Date 
Sampled 

03/07/01 
03/07/01 

VOC 

Concentration 
(mg/L) 

190 
170 

Change in VOC 
Concentration 

(mg/L) 

-810 
-1030 

Percent Change 
in VOC 

Concentration 

-81 
-86 

"~" = change in concentration cannot be determined 
DCA = dichloroethane 
DCE = dichloroethylene 
TCA = trichloroethene 
TCE = trichloroethylene 
PCE = tetrachloroethylene 
VOC = volatiie organic compound 
mg/L = microgram per liter 
NM = No meaning 
"E" = estimated value 
1. This table includes data collected in 1998 (Walker. R.L.. and Jacobsen. Eric. In press) and 1999 under the NJDEP 
contract and during the OUl RI. 2000-2001 

Table 1-2_Change5_in_VOCs_Over_Time_in_OU1_RI_Groundwater_ 
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L E G E N D 

OU l Boundary 
. V Middle Sand; 70 ug/L Chromium Isoconcentration Contour, 1999-2001 Data 

/ S / intermediate Sand: 70 ug/L Chromium Isoconcentration Contour, 1999-2001 Data 
/ V Lower Sand: 70 ug/L Chromium isoconcentration Contour, 1999-2001 Data 
! I Puchack Well Field ' 

400044 
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POTOMAC-RARITAN-MAGOTHY AQUIFER SYSTEM 

PREVIOUSLY DESCRIBED 
FRAMEWORK 

UPPER AQUIFER 

UPPER/MIDDLE 
CONFINING UNIT 

MIDDLE 
AQUIFER 

MIDDLE/LOWER 
CONFINING UNIT 

LOWER AQUIFER 

LOWER CONFINING 
UNIT 

FRAMEWORK USED IN THIS STUDY 

AQUIFER (A-i; 

CONFINING UNIT (C-1) 

UPPER SAND (A-2a) 

INTERBEDDED CONFINING 
UNIT (A-2C1) 

LOWER SAND (A-2b) 

UPPER CONFINING UNIT {C-2a) 

INTERMEDIATE SAND (C-2AI) 

LOWER CONFINING UNIT (C-2b) 

UPPER ZONE (A-3a) 

MIDDLE ZONE (A-3b) 

LOWER ZONE (A-3c) 

CLAY OR BEDROCK 
BASAL CONFINING UNIT (C-3) 

Figure 1-3 Five-layer and Subdivided Interpretations of the Hydrostratigraphic Framework 
of the Potomac-Raritan-Magothy Aquifer System, Puchack Well Field Superfund Site, 
Pennsauken Township, New Jersey. (Figure prepared by the USGS) 

400045 



FE6T 
100 

SEA 
LEVEL 

-100 

-300 

SECTION A-A' ^ '. 
' / - ' ' . 

E X P L A N A T I O N 

I [ Predominantly sands and gravels P MW- ID Well and well number shown in 
n-B-, + hydrostratigraphic section 
^ s H Predominantly clays and silts 
^ ^ P Puchack 

CC Camden City 

H Y D R O S T R A T I G R A P H Y OF THE P O T O M A C - R A R I T A N - M A G O T H Y AQUIFER S Y S T E M 

IN THE P E N N S A U K E N T O W N S H I P AND VICINITY 

0 200 400 600 800 1,000 

I . I . I L_l l _ 
2,000 FEET 

_ J 

GAMMA LOG 
Increasing radiation 

Layer Unit 

A-1 Upper aquifer 
C-1 Upper/Middle confining unit 
A-2a Middle aquifer, upper sand 
A-2C1 Middle aquifer, interbedded confining unit 
A-2b Middle aquifler, lower sand 
C-2a Middle/Lower confining unit, upper confining unit 
C-2AI MiddleA-Ower confining unit intermediate sand 
C-2b Middle/Lower confining unit tower confining unit 
A-3a Lower aquifer, upper zone 
A-3b Lower aquifer, middle zone 
A-3c Lower aquifer, tower zone 
C-3 Basal confining unit 

R u n ! Run 2 

Figure 1-4 . Estimated Lateral Extent of Minor Sand and Clay Units Within the Potomac-Raritan-Magothy 
Aquifer System, Section A-A', Puchack Well Field Superfund Site, Pennsauken Township, New Jersey, 
(Line of section shown on plate 2.) (Figure prepared by the USGS) 

400046 



PENNSYLVANI 

Location of well and water level. Pumping 
affected water level indicated in blue. 

"^* Direction of Flow 
-30 WATER LEVEL CONTOUR-Shows altitude of the 

wafer level in screened wells. Contour Interval 
5 feet. Datum is sea level. 
Township boundaries 

Major roads 

Railroads 

Outcrop area of the Upper aquifer of the 
Potomac-Raritan-Magothy aquifer system. 
Modified from Navoy and Carieton, 1995. 

Outcrop area of the Middle aquifer of the 
Potomac-Raritan-Magothy aquifer system. 
Modifed from Navoy and Carieton, f995. 

Outcrop area of the Lower aquifer of the 
Potomac-Raritan-Magothy aquifer system. 
From Navoy and Carieton, 1995 

Figure1-5. Potentfonnetric Surface of the Middle Aquifer, PotDnnac-Rarllan-Magothy Aquifer Systern, April2001, 
PuchackV\fell Field Superfund Site, Pennsauken Township, New Jersey. (Figune prepared by the USGS) 

400047 



PENNSYLVANIifi^ 

Base from U.S.Geokwical Suivey 
digital line files, l l Z ' " * " 

EXPLANATION 

-12.53 
© 

- & ^ 

-30 

Location of well and water level. Pumping 
affected water level indicated in blue. 

Direction of Flow 

WATER LEVEL CONTOUR-Shows altitude of the 
= = = = = water level in saeened weiis. Contour interval 

5 feet Datum is sea level. 
— — - Township boundaries 

Major roads 

Railroads 

Outcrop area of the Upper aquifer of the 
Potomac-Raritan-Magothy aquifer system. 
Modified from Navoy and Carieton, 1995. 

Outcrop area of the Middle aquifer of the 
Potomac-Raritan-Magothy aquifer system. 
Modifed from Navoy and Carieton, 1995. 

Outcrop area of the Lower aquifer of the 
Potomac-Raritan-Magothy aquifer system. 
From Navoy and Carieton, 1995 

Figure 1 -6. Potentiometric Surface of the Lower Aquifer, Including the IntermediatB Sand, PcitDmao-F?aritan-f\/l^)thy Aquifer 
System, April 2001, Puchack V\fell Field Superfund Site, Pennsauken Township, New Jersey. (Figure prepared by the USGS) 
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X^ENNSYLVANIAX3 

^ -( % ^ Delaware Gadwis 

/ * / / \ j \ w e l l 

/ . " ! ' • / . / ^ C C M W A \ 

^ / JSiffeARTl̂ RMW.60 • 

^ y ^ / ^ ^ ^ PEN 

g: A ^ - f R a l m y r a / . 

NEWJERSEYV 
NSAUKEN •" ^ 
NDFILL 

.....,^^ Nabonal Highway - , 
^ • ^ ^ v ^ Wells 

Reld ^ ^ ^ \ ^ 

\ / \ ^ V y ^ Pennsauken 
j K ^ \ f Townshid 

'""^ '' S// PMW25 \ 

•-nC^fiintvilie \ ^ 

Nwoidbine 
__iy Field 

\Marion 

9 MEADOWBROOK 

„Pari(Ave 
-WellFi 

• P ^ / -

<* 

( 

Base from U.S. Geological Survey 
digilal line fles, 1:24.000 

N 

EXPLANATION 
Location of well with site name. 
Labels color coded per layer; 
orange-lower, red-intermediate sand, 
and green-middle. 

/ \ / Railroads 

' Township boundaries 

' Major Roads 

Outcrop area of the Upper aquifer of the 
Potomac-Raritan-Magothy aquifer system. 
Outcrop area of the Middle aquifer of the 
Potomac-Raritan-Magothy aquifer system. 

Outcrop area of the Lower aquifer of the 
Potomac-Raritan-Magothy aquifer system. 

A 

K^-^.;s;;#3^Well:nanne^^iM^S*^ 

MEADOW BROOK SWIM 1 
PMW-1S 
U^NDFiLL4 

Icj^iDescriptibrv&'s 

Middle-Upper Sand 
Middle-Lower Sand 
Middle-Lower Sand 

PI 
a2a 
a2b 
a2b 

iSarnpieiiDatel 

8/31/2000 
2/14/2001 
12/1/1999 

^ Total, 
^hromium 

8010 
290-

wsffm-
tMerajryg 

_ 
-
-

29.2 

-
-

PMW-15M 
P MW-171 
P MW-251 
KING ARTHUR MW-5D 
KING ARTHUR MW-6D 
P MW-14 
P MW-51 
CC MW-2A 
CC MW-1A 

Intemiediate Sand 
Intermediate Sand 
Intermediate Sand 
Intemiediate Sand 
Intermediate Sand 
Intemiediate Sand 
Intermediate Sand 
Intermediate Sand 
Intermediate Sand 

c2ai 
o2ai 
c2ai 
c2ai 
c2ai 
c2ai 
c2ai 
c2ai 
c2ai 

2/21/2001 
11/28/2000 
11/1/2000 

12/15/1999 
12/16/1999 
1/11/2001 
9/6/2000 

10/30/2000 
12/11/2000 

766 
100 

6310 
910* 
320* 
1720 
3010 
3570 
1730 

_ 
-
-
-
-

3.3 

-
-
-

_ 
-
-
-
-
-
-
-
-

P MW-231 
PMW-151 
P MW-141 
P MW-14 BETHEL-1 
P MW-41 
P MW-41 

P MW-6D 
P MW-5D 
PMW-4D 
P riflW-22D 
P MW-25D 
CC MW-2D 

Lower-Upper Zone 
Lower-Upper Zone 
Lower-Upper Zone 
Lower-Upper Zone 
Lower-Upper Zone 
Lower-Upper Zone 

Lower-Middle Zone 
Lower-Middle Zone 
Lower-Middle Zone 
Lower-Lower Zone 
Lower-Lower Zone 
Lower-Lower Zone 

a3a 
a3a 
a3a 
aSa 
a3a 
a3a 

a3b 
a3b 
a3b 
a3c 
a3c 
a3c 

12/12/2001 
3/8/2001 

11/15/2001 
2/26/2001 
12/13/1999 
8/29/2000 

11/2/2000 
9/7/2000 
8/29/2000 
11/9/2000 

10/31/2000 
10/26/2000 

129 
2230 
4810 
1460 

-
-

1450 
427 

_ 
185 
237 
543 

-
-
-
-

2.95* 
3.7 

_ 
_ 

3.6 
2.6 

_ 
2.4 

-
-
_ 
-
-
-
_ 
_ 
-
-
-

. -

Note; 
CC - Camden City 
P - Puchack 
USGS - US Geological Sun/ey 
• - filtered sample 
- - data below NJ Groundwater Quality Standards (GWQS) 

GWQS for Total Chromium is 70 pg/L 
GWQS for Mercury is 2 pg/L 
GWQS for Lead is 5 Mg/L 

. Figure 1 -7 

Aerial Extent of IVIetals Exceeding Maximum 

Contaminant Levels and Acdon Levels in Gnoundwaler from 

the PotDmaoRaritantVIagolhyAquiierSystBm, 1999-2001 

Pudiad< Vyfell Field Superilind Site 

Pennsauken Township, NewJetsey 

Fgure prepared by Die USGS) 

400049 
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NEW JERSEY 

National Highway 
Wells 

Base from U.S. Geological Sunrey 
digital line fles, 1:24,000 

0.5 0.5 Miles 
3 

EXPLANATION 

2 Location of well. Number is Total Chromium, 
Q unfiitered (n g/L). Number in blue is 

Total Chromium, filtered (n g/L). 
E= estimated, <= less than. 

y A y / Railroads 

Township boundaries 

Major Roads 

290 Total Chromium Concentrations 
exceeding 70 (jg/L. 

Outcrop area of the Upper aquifer of the 
Potomac-Raritan-Magothy aquifer system. 

Outcrop area of the Middle aquifer of the 
Potomac-Raritan-Magothy aquifer system. 

Outcrop area of the Lower aquifer of the 
Potomac-Raritan-Magothy aquifer system. 

Figure 1-8. Aerial extent crfchtDmium contaminated groundwater In Itie Middle aquifer, 1999-2001,PuchackV\fell Field Supetlund 
Site, Pennsauken Township, New Jersey. (Figure prepared in/ the USGS) 
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NEW JERSEY 

National Highway 
Wells 

Base from U.S. Geological Survey 
digital lira files. 1:24,000 

0.5 0.5 Miles 

EXPLANATION 

2 Location of well. Number is Total Chromium, 
O unfiltered (n g/L). Number in blue is 

Total Chromium, filtered (|i g/L). 
E= estimated, <= less than. 

/ \ / Railroads 

Township boundaries 

Major Roads 

l , W " 

Approximate area of Total Chromium 
exceeding 70 jjg/L. 

Outcrop area of the Upper aquifer of the 
Potomac-Raritan-Magothy aquifer system. 

Outcrop area of the Middle aquifer of the 
Potomac-Raritan-Magothy aquifer system. 

Outcrop area of the Lower aquifer of the 
Potomac-Raritan-Magothy aquifer system. 

Rgure 1 -9. Aerial Extent of Chromium Contaminated Groundwater in the Intermediate Sand, 1999 - 2001, Puchack V\fell Field 
Superlund Site, Pennsauken Township, New Jersey. (Figure prepared t)y the USGS) 
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PENNSAUKEN 
UNDFILL 

NEW JERSEY 

National Highway 
Wells 

e from U.S. Geological Survey 
lal line files. 1:24,000 

0.5 0.5 Miles 

3 

EXPLANATION 

2 Location of well. Number is Total Chromium, 
O unfiltered (n g/L). Number in blue is 

Total Chromium, filtered (^ g/L). 
E= estimated, <= less than. 

/ \ / Railroads 

Township boundaries 

Major Roads 'Ml *: 

Approximate area of Total Chromium 
exceeding 70 pg/L. 

Outcrop area of the Upper aquifer of the 
Potomac-Raritan-Magothy aquifer system. 

Outcrop area of the Middle aquifer of the 
Potomac-Raritan-Magothy aquifer system. 

Outcrop area of the Lower aquifer of the 
Potomac-Raritan-Magothy aquifer system. 

Figure1-10. Aerial extent of chromium contaminated groundwater in the Lower aquifer, 1999-2001, Puchack VNfell Field 
Superlund Site, Pennsauken Township, New Jersey. (Figure prepared by the USGS) 
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NEW JERSEY 

National Highway 
Wells 

8 from U.S. Geological Survey 
digital line files, 1:24,000 

EXPLANATION A 
60(2) Location of well. First number is sum of 
• concentrations exceeding MCL's for benzene, 

1,1-DCE, CIS-1,2-DCE, PCE, 1,1,1-TCA, TCE, 
Vinyl Chloride. Second number is the number 
of compounds represented. 

/ \ / Railroads 

Township boundaries 

Mapr Roads 

,̂ % 

• i - ^ . 

Outcrop area of the Upper aquifer of the 
Potomac-Raritan-IVIagothy aquifer system. 

Outcrop area of the Middle aquifer of the 
Potomac-Raritan-Magothy aquifer system. 

Outcrop area of the Lower aquifer of the 
Potomac-Raritan-Magothy aquifer system. 

FigurBl-1Z /VenalExtentofVolaffleOiganicCompoundCkDntaminatedGroundwatCT - 2001, PuchackV\fellFielcl 
Superfund Site, Pennsauken Township, New Jersey. (Rgune prepared by the USGS) 
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PENNSAUKEN 
UNDFILL 

NEW JERSEY 

National Highway 
Wells 

Base from U.S. Geological Survey 
digitai line files, 1:24.000 

EXPLANATION 

60(2) 

o 
Location of well. First number is sum of 
concentrations exceeding MCL's for benzene, 
1,1-DCE, CIS-1,2-DCE, PCE, 1,1,1-TCA, TCE, 
Vinyl Chloride. Second number is the number 
of compounds represented. 

/ \ / Railroads 

Township boundaries 

Major Roads 

i f -

mm 

Outcrop area of the Upper aquifer of the 
Potomac-Raritan-Magothy aquifer system. 

Outcrop area of the Middle aquifer of the 
Potomac-Raritan-Magothy aquifer system. 

Outcrop area of the Lower aquifer of the 
Potomac-Raritan-Magothy aquifer system. 

Figure 1-13. Aerial Extent ofVolatile Organic Compound Contaminated Groundwater In the IntermediatB Sand, 1999 - 2001, Puchack V\fell Field 
Superfund Site, Pennsauken Township, New Jersey. (Figure prepared k)y the USGS) 
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EXPLANATION 

60(2) Location of well. First number is sum of 
O concentrations exceeding MCL's for benzene, 

1,1-DCE, CIS-1,2-DCE, PCE, 1,1,1-TCA, TCE, 
Vinyl Chloride. Second number is the number 
of compounds represented. 

/ X / Railroads 

Township boundaries 

Major Roads 

Outcrop area of the Upper aquifer of the 
Potomac-Raritan-Magothy aquifer system. 

Outcrop area of the Middle aquifer of the 
Potomac-Raritan-Magothy aquifer system. 

Outcrop area of the Lower aquifer of the 
Potomac-Raritan-Magothy aquifer system. 

N 

Figune 1-14. Aerial Extent of Volatile Organic Compound Contaminated Groundwater in the Lower Aquifer, 1999 - 2001, Puchack V\fell Field 
Superfund Site, Pennsauken Township, New Jers^. (Rgure prepared by the USGS) 
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EXPLANATION 

+ Well location shown in 
hydrostratigraphic section 

200 400 600 800 1,000 
. 1 . 1 L_J I 

200 400 METERS 

VERTICAL EXAGGERATION X 13 

2,000 FEET 
I 

P MW-25D I 
237 
(-12.93) 

Well screen. Top number is well name. Bottom 
number is the total chromium concentration. 
Bold number indicates chromium concentration 
exceeding NewJersey maximum contaminant level 
of 100 micrograms per liter (1999-2001 data). 
Number in parenthesis is potentiometric head, 
in feet Datum is sea level 

p Puchack 

CC Camden City 

10—— Potentiometric contour-Shows altitude atwhich water 
would have stood in tightly case wells, 2001, Contour 
interval 1 foot Datum is sea level 

~~'*^ Arrows show general direction of groundwater flow 

HYDROSTRATIGRAPHY OF THE POTOMAC-RARITAN-MAGOTHY AQUIFER SYSTEM 
IN THE PENNSAUKEN TOWNSHIP AND VICINITY 

Layer Unit 

A-1 Upper aquifer 
C-1 Upper/Middle confining unit 
A-2a Middle aquifer, upper sand 
A-2C1 Middle aquifer, interbedded confining unit 
A-2b Middle aquifer, lower sand 
C-2a Middle/Lower confining unit upper confining unit 
C-2AI Middle/Lower confining unit intermediate sand 
C-2b Middle/Lower confining unit lower confining unit 
A-3a Lower aquifer, upper zone 
A-3b Lower aquifer, middle zone 
A-3c Lower aquifer, lower zone 
C-3 Basal confining unit 

GAMMA LOG 
Increasing radiation 

Figure 1-15. Concentrations of Total Chromium in Groundwater of the Potomac-Raritan-Magothy 
Aquifer System along Section A-A', 1999 -2001, Puchack Well Field Superfund Site, 
Pennsauken Township, New Jersey. (Line of section shown on Plate 2, Figure prepared by the USGS) 
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Section 2 
Identification and Screening of 
Technologies 

2.1 Introduction 
This section presents the RAOs, Applicable or Relevant and Appropriate 
Requirements (ARARs) and other criteria, GRAs, and related technologies and process 
options. RAOs are media-specific goals for protecting human health and the 
environment that must be identified prior to the development of remedial action 
alternatives. The process of identifying the RAOs follows the identification of affected 
media and contaminant characteristics; evaluation of exposure pathways, 
contaminant migration pathways and exposure Limits; and the evaluation of chemical 
concentrations that will result in acceptable exposure. The RAOs are based on 
regulatory requirements which may apply to the various remedial activities being 
considered for the Site. This section of the FS reviews the affected media and 
contarriinant exposure pathways and identifies Federal, State, and Local regulations 
that may affect remedial actions. 

GRAs are broad remedial actions and are defined as actions which may satisfy the 
RAOs and characterize the range of remedial responses appropriate to the media of 
concern at the Site. Following the development of GRAs, one or more remedial 
technologies and process options are identified and screened for each of the GRA 
categories. Screening is performed based on the effectiveness, implementability, and 
relative cost of each remedial technology. 

Although an individual response action may be capable of satisfying the RAOs alone, 
combinations of response actions to become remedial alternatives are usually required 
to adequately address site contamination. These alternatives are presented in Section 
3. 

In the PE (CDM 2001), CDM identified the RAOs, GRAs, and related technologies and 
process options. This section is an update of the PE since the RI results are now 
available, and NJDEP has provided feedback to the selected remedial options. 

2.2 Remedial Action Objectives 
RAOs are medium-specific goals for protecting human health and the environment. 
The process followed in developing RAOs consists of identification of COPCs; 
identification of potentially applicable Federal and State regulations and other 
guidance; identification of apphcable site-specific risk-based criteria; and the 
selection of the preliminary remediation goals (PRGs) based on the ARARs, guidance, 
or risk-based values. 

The Comprehensive Environmental Response, Compensation, and Liability Act 
(CERCLA) Section 121(d), as amended by the Superfund Amendments and 
Reauthorization Act (SARA), requires that, at a minimum, any reniedial action achieve 
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overall protection of human health and the environment and comply with ARARs. 
Laws and regulations identified as ARARs are either apphcable or, alternatively, 
relevant arid appropriate. Other criteria that do not meet the definition of an ARAR 
may also be used to develop remedial objectives and are known as to-be-considered 
criteria (TBC). 

Generally, where a chemical-specific ARAR exists, it provides the basis for the 
corresponding PRG; if more than one chemical-specific ARAR exists, the most 
stringent is generally used. The selected PRGs provide the basis for the RAOs and are 
used as a benchraark for use in the technology screening, alternative development and 
screening, and detailed evaluation of alternatives presented in the subsequent sections 
of the FS report. A detailed discussion of the PRGs development is included in 
Section 2.4 below. 

The remedial action alternatives developed in Section 3 are required to attain 
applicable Federal, State of New Jersey and local environmental requirements. 
Technical requirements of ARARs must be met by the remedial action alternatives; 
however. Section 121(d) (4) of CERCLA allows selection of remedies that will not 
attain all ARARs provided one of the following conditions is satisfied: 1) the remedial 
action is an interim measure where the final remedy wUl attain the ARAR upon 
completion; 2) comphance with aU ARARs will result in greater risk to himnan health 
and the envirorunent than other options; 3) compliance is technically impracticable; 
4) an alternative remedial action will attain the equivalent of the ARAR; 5) for State 
requirements, the State has not consistently applied the requirement in similar 
circumstances; or 6) compliance with the ARARs will not provide a balance between 
protecting pubhc health, welfare, and the environment at the facihty and the 
availabiUty of funding for response at other facilities (fimd balancing). 

The primary contaminant of concern for the Puchack WeU Field Site is hexavalent 
chromium in the groundwater. The chemical-specific ARARs for chromium 
contaminated groundwater include NJ Groundwater Quahty Standards, Federal 
Primary Drinking Water Standards MCLs and NJ Primary Drinking Water Standards 
MCLs. The NJ Groundwater Quahty Standard is set at 70 |ig/L for total chromium, 
while the Federal and NJ MCLs are aU set at 100 ug/L for total chromium. 

The groiuidwater at the Puchack Site is also contaminated with VOCs. The Rl results 
show that VOC contamination is present in areas well beyond the Site's chrorruum 
plume; VOC contamination of the groundwater is therefore a regional problem rather 
than specific to the Puchack Site. Municipal wells in the area have existing treatment 
facilities to remove VOCs from the extracted groundwater, and the State is directing 
investigations and clean ups at a number of source areas. In the PE report, remedial 
options for treatment of VOC contamination have also been evaluated, in addition to 
the treatment for chromium contamination. The evaluation results indicate that an 
additional large quantity of grotmdwater would need to be pumped in order to 
capture the VOC plumes. It therefore increases substantially the technical complexity 
and cost to the remedy. Given the above, this FS will only consider treatment of 
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extracted VOCs together with the chromium. VOC contamination will not be targeted 
for in situ tieatment nor specifically extiacted for tieatment. 

Several RAOs have been identified: 

• Restore the chromium contaminated groundwater aquifer for future beneficial 
use. 

• Prevent or minimize the migration of chromiiim in the groundwater to existing 
municipal well fields, or well fields potentially impacted in the future due to 
increased pumping rates. 

• Prevent or minimize potential future human exposures including ingestion 
and dermal contact with chromium contaminated groundwater. 

2.3 Potentially Applicable or Relevant and Appropriate 
Regulations, Guidelines, and Other Criteria 

Potential ARARs are broken down into three groups: 

• Chemical-specific ARARs 
• Location-specific ARARs 
• Action-specific ARARs 

Additionally, TBC criteria are also evaluated. TBC criteria are not enforceable 
standards but may be techrucaUy or otherwise appropriate to consider in developing 
site- or media-specific RAOs or cleanup goals. 

Each of these groups of ARARs and TBCs is described below. A summary of the 
potential ARARs and TBCs criteria is provided in Tables 2-1, 2-2, and 2-3. 

2.3.1 Chemical-specific ARARs and TBCs 
Chemical-specific ARARs are defined as those that specify achievement of a particular 
cleanup level for specific chemicals or classes of chemicals. These standards usually 
take the form of health- or risk-based numerical hmits that restiict concentrations of 
various chemical substances to a specified level. 

2.3.1.1 Federal Standards and Guidel ines 
Groimdwater in the immediate vicinity of Puchack is currently used as a source of 
drinking water. Federal primary druxking water standards are considered to be 
relevant and appropriate because the groundwater is a source of drinking water. 

CDM 
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Groundwater Standards and Regulations 

• Resource Conservation and Recovery Act (RCRA) Groundwater Protection 
Standards and Maximum Concentiation Limits (40 Code of Federal 
Regulations [CFR] 264, Subpart F). 

Drinking Water Standards and Regulations 

• National Primary Drinking Water Standards (40 CFR 141). Drinking water 
standards (MCLs and non-zero maximum contaminant level goals [MCLGs]) 
for the COPCs are provided in Table 2-4. Note that these MCLs and MCLGs 
are considered relevant and appropriate for groundwater which is a current or 
potential source of drinking water (CERCLA Section 300.430[e][2][i][B]). 

• National Secondary Drinking Water Regulations (40 CFR 143). Federal 
secondary drinking water standards are considered as TBC criteria in the 
development of remedial alternatives. Federal secondary drinking water 
standards are based on aesthetic considerations rather than human-health 
considerations. As such, many of the secondary criteria relate to quahties of 
finished (tieated) potable water (e.g., taste, color, turbidity) and are not 
applicable to groundwater or water sources. 

2.3.1.2 New Jersey Standards and Guidelines 

Grotmdwater in the immediate vicinity of Puchack is currently used as a source of 
drinking water; New Jersey chemical-specific standards and guidelines exist for the 
groundwater present at the Site. 

Groundwater Standards and Regulations 

• New Jersey Groimdwater Quality Standards (N.J.A.C. 7:9-6). Used as the 
primarily basis for setting numerical standards for groundwater cleanups. The 
standards for the COPCs are included in Table 2-4. 

Drinking Water Standards and Regulations 

• New Jersey Safe Drinking Water Act (NJSDWA) Primary Drinking Water 
. Standards (N.J.A.C. 7:10). 

• State Secondary Drinking Water Regulations (N.J.A.C. 7:10-7) 

2.3.2 Location-specific ARARs 
Location-specific ARARs are those which are apphcable or relevant and appropriate 
due to the location of the Site or area to be remediated. For Puchack, these consist of 
regulations applicable to wetlands, floodplains, historical places, archaeological 
significance, endangered species and wildlife habitats. 
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2.3.2.1 Federal Standards and Guidel ines 

Wetlands and Floodplain Standards and Regulations 

• Statement on Procedures on Floodplain Management and Wetlands Protection 
(40 CFR 6). 

• Floodplain Management Executive Order (EO 11988). 

• Wetlands Executive Order (EO 11990). 

Wildlife Habitat Protection Standards and Regulations 

• Endangered Species Act (16 USC1531 et seq.; 40 CFR 400). 

• Fish and Wildlife Conservation Act (16 USC 2901 et seq.). 

• Fish and Wildhfe Coordination Act (16 USC 661). 

Historic Preservation Standards and Regulations 

• National Historic Preservation Act (16 USC 469 et seq.; 40 CFR 6301 ©. 

2.3.2.2 New Jersey Standards and Guidel ines 

Wetlands and Floodplains Standards and Regulations 

• New Jersey Flood Hazard Area Control Act (N.J.A.C. 7:13). 

• New Jersey Freshwater Wetland Protection Act Rules (N.J.A.C. 7:7A). 

Wildhfe Habitat Protection Standards and Regulations 

• Endangered and Non-game Species Conservation Act (N.J.S.A. 23:2A-1). 

• Endangered Plant Species List Act (N.J.A.C. 7:5B). 

Soil Erosion and Sediment Control and Noise Contiol 

• Soil Erosion and Sediment Contiol (N.J.A.C. 16:25A). 

• Noise Contiol (N.J.A.C. 7:29). 

2.3.3 Action-specific ARARs and TBCs 
Action-specific ARARs are those which are applicable or relevant and appropriate to 
particular remedial actions, technologies, or process options. These regulations do not 
define site cleanup levels but do affect the implementation of specific types of 
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remediation. For example, tieatment, storage and disposal of waste will need to meet 
the requirements of Land Disposal Restiictions (LDRs) under the RCRA. These 
action-specific ARARs are considered in the screening and evaluation of various 
technologies and process options in subsequent sections of this report. 

2.3.3.1 Federal Standards and Guidel ines 

General - Site Remediation 

• RCRA: Identification and Listing of hazardous Waste (40 CFR 261); 
Standards Applicable to Generators of Hazardous Waste (40 CFR 262); 
Standards Apphcable to Owners and Operators of Treatment, Storage, and 
Disposal Facihties (40 CFR 264). 

• Occupational Safety and Health Administration (OSHA) Worker Protection (29 
CFR 1904,1910,1926). 

Discharge of Treated Groundwater 

• National Pollution Discharge Ehmination System (40 CFR 122,125). 

• Effluent Guidelines and Standards for the Point Source Category (40 CFR 414). 

• Clean Water Act Water Quahty Standards (40 CFR 131). 

• Underground Injection Contiol Program (40 CFR 144,146). 

Disposal of Hazardous Waste 

• Standards Apphcable to Transporters of Hazardous Waste (40 CFR 263). 

• Land Disposal Restiictions (40 CFR 268). 

• Hazardous Materials Transportation Regulations (49 CFR 107,171,172,177 to 
179). 

Off-Gas Management 

• National Primary and Secondary Ambient Air Quality Standards (40 CFR 50) 

• . Standards of Performance for New Stationary Sources (40 CFR 60). 

• National Emission Standards for Hazardous Air Pollutants (40 CFR 61). 

• Contiol of Air Emissions from Superfund Air Stiippers (OSWER Directive 
9355.0-28) 
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2.3.3.2 New Jersey Standards and Guidel ines 

General - Site Remediation 

• Technical Requirements for Site Remediation (N.J.A.C. 7:26E) 

• Hazardous Waste Regulations (N.J.A.C. 7:26G-5, -8, -11) 

Discharge of Treated Groundwater 

• New Jersey PoUutant Discharge Ehmination System (N.J.A.C. 7:14A) 

• Surface Water Quality Criteria (N.J.A.C. 7:9B) 

Disposal of Hazardous Waste 

• Transportation of Hazardous Materials (N.J.A.C. 16:49) 

Off-Gas Management 

• Air PoUution Contiol - Permits and Certificates for Minor Facilities (N.J.A.C. 
7:27 Subchapter 8) 

• Air pollution Contiol - Ambient Air Quahty Standards (N.J.A.C. 7:27 
Subchapter 13) 

2.4 Preliminary Remediation Goals 
Both Federal and State chemical-speicific ARARs were identified for groundwater. 
New Jersey groundwater quahty standards are considered to be apphcable to the 
remediation of groundwater contamination at the Puchack Site. Federal and State 
primary drinking water standards are considered to be relevant and appropriate for 
consideration in the remediation of the groundwater since the groundwater represents 
a source of potable water. 

The PRG for chromium is identified in Table 2-4 and is derived primarily from NJ 
Groundwater Quahty Standards, supplemented with the Federal and State Primary 
Drinking Water Standards when the Groundwater Quality Standards are not 
available. Site-specific risk-based criteria were not used to develop the PRGs for 
groundwater since promulgated standards exist for chromium. The PRG for 
chromium provides the basis for complying with the RAOs for groundwater 
described above. Additionally, the PRGs for 1,1-dichloroethene, tetrachloroethene, 
and tiichloroethene, the three most prevalent chlorinated VOCs, are also included in 
Table 2-4. The PRGs for the chlorinated VOCs provide a basis for the tieatment of 
extiacted groundwater. 
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2.4.1 Area and Volume to be Remediated 
An estimate was made of the quantity of chromium present in the groundwater at the 
Puchack Site. The estimate was determined based on the contaminant data presented 
in the RI Report that exceeded the chromium PRG of 70 Rg/L. The aerial and vertical 
extent of the plume varies with depth. Chromium contamination in the Middle 
aquifer at SGL Chrome, which is discontinuous at this location, wiU be addressed as 
part of OU2. The total zone thickness of each saturated zone was used in calculating 
the quantity of contaminated groundwater (Appendix A). The Intermediate Sand 
plume has an areal extent of 3,400 ft long by 1,500 ft wide and covers an area of 
approximately 70 acres with a thickness of 20 feet. Using the average porosity of 
0.316, this results in a volume of contaminated groundwater of 1.9 x 10'' cubic feet (1.4 
X10* gaUons). Based on the weighted average groundw^ater chromium concentiations 
calculated from the RI samphng data, the total mass of chromium in the Intermediate 
Sand is approximately 2,800 pounds (lbs). The Lower aquifer plume has an aerial 
extent of 2,800 ft long by 2,600 ft wide and covers an area of approximately 82 acres 
with a thickness of 90 feet. Using the average porosity of 0.286, this results in a 
volume of contaminated groundwater of 9.1 x 10 ^ cubic feet (6.8 x 10^ gallons). The 
total volume for both groundwater plumes is estimated to be 820 million gaUons. 
Based on the weighted average groundwater chromium concentiations calculated 
from the Rl sampling data, the total mass of chromium in the Lower aquifer is 
approximately 8,200 lbs. 

2.5 Gene ra l Response Act ions 
General response actions are broad remedial actions and are defined as actions which 
may satisfy the remedial action objectives and which characterize the range of 
remedial responses appropriate to the media of concern at the Site. General response 
actions applicable to this Site are described below. 

2.5.1 No Action 
The National Contingency Plan (NCP - 40 CFR Part 300.430[e][6]) requires that a No 
Action response action be considered in the detailed analysis of alternatives to provide 
a baseline from which other alternatives can be evaluated. Under the No Action 
response action, the current status of the Site would be unchanged and no actions 
would be taken to reduce the potential for exposure to contamination. 

2.5.2 Institutional Controls 
Institutional contiols are methods taken to prevent or limit exposure to contaminated 
groundwater. Institutional contiols may include administiative contiols such as deed 
restrictions (e.g., prohibition of intiusive activities). Classification Exemption Area 
(CEA) (e.g., notification that groundwater quality standards are not being met), 
prohibition of new weU constiuction, or long-term groundwater monitoring. 

2.5.3 Monitored Natural Attenuation 
Monitored natural attenuation is a response action by which the volume and toxicity 
of contaminants are reduced by naturally occurring processes in soil and 
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groundwater. Processes which reduce contamination levels in groundwater include 
dilution, volatilization, adsorption, biodegradation, and chemical reactions with other 
subsurface constituents. Extensive site modeling and monitoring are performed as 
part of the monitored natural attenuation response action to demonstiate that 
contaminants do not represent significant risk and that degradation is occurring. 

2.5.4 Containment 
Containment technologies consist of measures which physicaUy isolate contaminants 
to eliminate routes of exposure or to reduce the rate of migration. Containment 
technologies may reduce contaminant movement, but do not involve treatment to 
reduce the toxicity or volume of the contaminants at the Site. These technologies 
require long-term monitoring to determine whether containment measures are 
performing successfully. Given the large size of the plume, the multiple and relatively 
deep aquifer layers impacted, and the high permeabilities at the Site, the groundwater 
containment option alone was not considered. However, the combination of a slurry 
wall or grout curtain with a groimdwater extiaction system may improve the 
efficiency of the groundwater extiaction system by segregating uncontaminated 
groundwater from contaminated groundwater; or combination of slurry wall or grout 
curtain with a permeable barrier wall would reduce the tieatment cost of the 
alternative. 

2.5.5 In Situ Treatment 
An in situ treatment response action provides reduction or elimination of toxicity, 
mobihty, or volume of contaminants without extracting the contaminated 
groundwater from the subsurface. During the tieatment process, the contaminants 
may be chemically altered to a less toxic form, isolated, or completely destioyed. In 
situ tieatment can be accomplished through biological or physical/chemical means. 

2.5.6 Collection/Extraction 
Extiaction technologies for groundwater typically involve extiaction of the 
contaminant plume using interceptor tienches or extraction weUs. This method 
reduces the mobility of the contaminants through physical removal by changing the 
hydrauhc gradient in the surrounding area. The selection of an appropriate 
groundwater collection system depends on the objectives of the remedial action, the 
depth of contamination, and the geologic and hydrogeologic characteristics of the 
aquifer. For the Puchack WeU Field Site, the use of extiaction wells were considered 
given the aquifer depth and the high pumping rates achievable for this aquifer system. 
Extiaction technologies generaUy are used in combination with tieatment 
technologies. 

2.5.7 Ex Situ Treatment 
This category of response action is conducted to reduce the toxicity, mobihty, and/or 
volume (TMV) of contaminants by physical, chemical, or biological processes. 
Treatment systems for the Puchack WeU Field Site would consist of one or more plants 
to handle the expected large flow rates and areal extent of the contaminant plume. 
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Treatment performed to reduce toxicity or mobility includes methods to destioy or 
modify the properties of the chemical to render it less harmful. Treatment to reduce 
volume includes concentiating contaminants. The use of tieatment technologies to 
achieve RAOs is favored by CERCLA, unless site conditions limit their application. 
Treatment technologies generally afford a higher degree of protection to pubUc health 
and the environment. 

2.5.8 Disposal/Discharge 
Discharge technologies are necessary to release extiacted and tieated groundwater 
back to the environment. They include injection wells, discharge to recharge basins 
(including infiltiation galleries), discharge to publicly owned tieatment works 
(POTW), discharge to surface water (including discharge to storm sewer with 
conveyance to surface water), and discharge for reuse in the public water system. 
Discharge technologies are needed as an end-point for extiaction and tieatment of 
contaminated groundwater. 

2.6 Identification and Screening of Technology Types 
and Process Options 

This section provides a brief description and evaluation of the remedial technologies 
that were identified in the PE report, as well as technologies that were identified 
subsequent to the PE report. The PE report has identified remedial technologies using 
various databases, technical reports, and publications. Of particular note are the EPA 
Hazardous Waste Clean-up Information (CLU-IN) Web Site, EPA Remediation and 
Characterization Innovative Technologies (EPA REACH IT) Database, Federal 
Remediation Technologies Roundtable (FRTR) Web Site, and Remediation 
Technologies Network Remediation Information Management System (RIMS) 
Database. These resources were used to identify a number of potentiaUy applicable 
remedial technologies or process options for each of the GRAs identified in Section 
2.5. These technology types and process options were initially screened based on 
technical implementability, and documented in Table 2-5. The technology types and 
process options that passed this initial screening step were then evaluated on the basis 
of three CERCLA evaluation criteria: effectiveness, implementability, and relative 
cost. The conunents on the remedial options in the PE report by the NJDEP have also 
been taken into consideration for this FS. Brief definitions of Effectiveness, 
Implementability, and Relative Cost, as they apply to the screening process are 
provided below. 

• Effectiveness - This evaluation criteria focuses on: 1) the effectiveness in 
extiacting, tieating and/or handling by other means (e.g., in situ tieatment or 
natural attenuation) the estimated volumes of contaminated groimdwater, and 
the abUity for meeting the remediation goals; 2) the potential impacts to human 
health and the environment during constiuction and implementation phases; and 
3) how proven and reliable the process options are expected to be with respect to 
the contaminants and conditions at the Site. 
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• Implementability - This evaluation criteria includes: 1) the technical and 
administiative feasibility of implementing the remedial system components; and 
2) the amount of space needed for tieatment and disposal facilities, piping and 
discharge runs, the availability of space, accessibility, and available vendors. 

• Relative Cost - Relative cost wiU play a hmited role in evaluating the process 
options. On the basis of relative capital and operation and maintenance (O&M) 
costs, each process is evaluated as high, medium, or low compared to other 
processes within the same or comparable technology type. TypicaUy, only order-
of-magnitude costs are developed; however, where vendor quotes or more 
detaUed costs are available, these costs have been included. Both capital as well 
as O&M costs are considered. For tieatment technologies, O&M costs were 
assumed to include all costs associated with the tieatment other than capital costs. 
Technologies or process options which are significantly more costly without any 
offsetting benefit over comparable options are screened out at this point. 

4 

The EPA guidance document (EPA 1988) recommends that this evaluation focus on 
the Effectiveness criterion, with less emphasis directed at the Implementability and 
Relative Cost criteria. This process assisted with identifying the most appropriate 
reiiiedial options to be considered and combined into remedial alternatives in the FS 
Report. On the basis of this evaluation, the most promising of these technologies were 
selected as representative process options and retained for consideration in the 
development of tieatment alternatives. A summary of the screening process is 
presented in Table 2-6. 

2.6.1 No Action 
Under the No Action response action, no remedial actions wiU be conducted to reduce 
exposure to or the TMV of the contaminated groundwater. 

Effectiveness - The effectiveness of No Action will be low because the RAOs wUl not be 
met. 

Implementability - The No Action general response action is easily implemented from a 
technical perspective, and no significant administiative difficulties are expected. 

Relative Cost - There is no cost for this response action. 

Conclusion - No Action is retained as a baseline for comparison to other alternatives, as 
required by the NCP. 

2.6.2 Institutional Controls 
Institutional contiols do not reduce the TMV of contamination, but can be 
implemented to reduce the probabihty of exposure to contaminated groundwater. 
Institutional contiols consist of administiative actions which contiol use oi the Site 
(e.g., deed restrictions and classification exemption area [CEA] that restiict site access 
during remediation), or conduct long-term monitoring of groundwater in the area. 
Institutional contiols are discussed in details below. 
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2.6.2.1 Deed Restrictions 

Deed restiictions are regulatory actions which are used to prevent certain types of 
uses for areas at the Site where direct exposure to groundwater (dermal or ingestion) 
or inhalation of contaminants partitioned from groundwater represents an 
unacceptable human health risk. Deed restrictions may be used to prevent installation 
of drinking water wells and construction of ponds fed by groundwater. In addition, 
deed restrictions may be used to limit irrigation above designated source areas and 
limit areas of new constiuction. 

Effectiveness - Deed restiictions may effectively meet RAOs from a human health 
standpoint through restiiction of future site uses or activities which may result in 
direct contact with contaminated groundwater. The effectiveness of deed restiictions 
is dependent on proper enforcement. Deed restrictions, however, wUl not reduce the 
migration and the associated environmental impact of the contaminant plume. 

Implemen tability - Deed restrictions limit the use of contaminated property and hold 
owner(s) to the regulatory/statutory requirements for cleanup. Implementation 
would be difficult because the chromium plume covers a large subsurface area and 
there would be objections from the property owners. Deed restrictions may be 
difficult to enforce over the long term and may Umit future land use options. 
However, deed restiictions may be implemented, in addition to remediation activities, 
as a protective measure to prevent exposure to contaminants during remediation. 

Relative Cost - The cost to implement deed restiictions is high compared to costs for 
CEA, described below. 

Conclusion - Deed restiictions is ehminafed from further evaluation because CEA 
could achieve the same results with less administiative difficulty. 

2.6.2.2 Classification Exemption Area 

A CEA is an area designated by the state as a part of an aquifer that is currently 
impacted above an applicable groundwater quahty standard. A CEA designation 
requires that interested parties be notified that the area does not meet groundwater 
quality standards and is enforced until contaminant concentiations within the 
designated area have decreased to the applicable groundwater quahty standard. 

Effectiveness - A CEA can effectively protect human health by preventing direct contact 
and consumption of contaminated groundwater. This is typically achieved in 
conjunction with permit contiols, for example, the denial of a permit for installation of 
a groundwater pumping well within the affected area. However, the effectiveness of 
a CEA is dependent on proper enforcement of deed restrictions. A CEA will not 
reduce the migration and associated environmental impact of the contaminant plume. 

Implementability - A CEA is issued by the state. There are no technical or 
administiative difficulties to implement a CEA. A CEA may be difficult to enforce 
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over the long term. However, a CEA may be implemented, in addition to remediation 
activities, as a protective measure to prevent exposure to contaminants during 
remediation. 

Cost - The cost to implement a CEA is low compared to costs for deed restiictions. 
Conclusion - A CEA is retained for further evaluation. 

2.6.2.3 Long-term Moni tor ing 

Long-term monitoring includes periodic sampling and analysis of groundwater 
samples. This program would provide an indication of the movement of the 
contaminants or of the progress of remedial activities. 

Effectiveness - Long-term monitoring alone would not be effective in meeting the 
RAOs. It would not alter the effects of the contamination on human health and the 
envirorunent. Monitoring is a proven and reliable process for the intended purpose. 

Implementability - Long-term monitoring could be easily implemented. All monitoring 
wells are easily accessible for sample collection. A long-term commitment would be 
required to implement a long-term monitoring program. 

Relative Cost - Long-term monitoring involves low capital and medium O&M cost. 

Conclusion - Long-term monitoring is retained for further consideration. 

2.6.3 Monitored Natural Attenuation 
Monitored natural attenuation (MNA) refers to the use of natural attenuation 
processes to achieve site-specific remedial objectives within a time frame that is 
reasonable compared to that offered by other more active methods. The MNA 
processes that are at work in such a remediation approach include.a variety of 
physical, chemical, or biological processes that, under favorable conditions, act 
without human intervention to reduce the mass, TMV, or concentiation of 
contaminants in groundwater. These in situ processes are described in the EPA 
guidance document Use of Monitored Natural Attenuation at Superfund, RCRA Corrective 
Action, and Underground Storage Tank Sites (EPA 1999) and include: biodegradation, 
dispersion, dilution, sorption, volatilization, chemical or biological stabihzation, 
tiansformation, or destiuction of contaminants. At the Puchack Site, hexavalent 
chromium may be reduced to the less toxic and less mobile trivalent chromium form 
by natural reductants, which precipitates as a solid iron/chromium phase that is 
stable under the normal site conditions. 

Sorption and oxidation-reduction reactions are the dominant mechanisms responsible 
for the reduction of mobility, toxicity, or bioavailabUity of inorganic contaminants. 
The process contiolling the migration of chromium further offsite is expected to be 
natural reduction processes including the use of available iron and manganese in the 
groundwater and selected sediments to reduce the hexavalent chromium to the 
tiivalent state. Based on a review of the RI data, these natural reducing agents are 
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present at relatively high levels in areas surrounding the chromium plume, but have 
become depleted within the main plume area., As a result, the further conversion of 
hexavalent chromium to tiivalent chromium is not expected to occur in appreciable 
quantities or to a significant degree within the chromium contaminated areas. A 
bench scale tieatabihty study was performed to evaluate in situ technologies for 
remediation of hexavalent chromium in groundwater at the Puchack Site, and an 
Interim Progress Report has been prepared (PNNL 2005). The study demonstiated 
that chromium reduction by natural Puchack aquifer sediment can occur in the area 
downgradient of the chromium plume where the reductive capacity of the aquifer has 
not been depleted. The study estimated that 63 pore volumes of groundwater 
containing high chromium concentrations (2 mg/ L) would be reduced by natural 
reductive processes. 

Effectiveness - MNA is an effective remediation approach for sites that have been 
demonstrated to be utilizing natural mechanisms to minimize or prevent the further 
migration of groundwater contamination; however it is acceptable only if the 
contaminant concentiation reaches the PRG in a reasonable time frame (i.e., 20 years). 
Although the natural reducing agents have been depleted in the chromium 
contaminant zone, reducing agents are present outside of the plume area that would 
reduce the hexavalent chromium as it migrates outside of the existing area, thereby 
becoming permanently fixed as iron/chromium hydroxide precipitates and reducing 
the toxicity and mobility of the chromium. Once converted to tiivalent chromium, the 
process is not reversible under normal environmental conditions, as demonstiated by 
the results of the treatabihty study. 

ImplementabUity - MNA would be moderately easy to implement. The installation of 
additional weUs may be necessary to provide more precise information on 
contaminant migration, and to demonstrate that the plume has become stable. 

The administiative feasibility of implementing this option is expected to be difficult, 
due to the need to demonstiate that natural attenuation processes are sufficiently 
protective of the downgradient wellfields. There would be very minor impact to 
human health and the environment during the instaUation of additional monitoring 
weUs if deemed necessary, and during periodic monitoring events. 

Cost - The capital cost of instaUing additional monitoring wells would be low. The 
long term costs of collecting periodic groundwater samples is expected to be low. As 
a result, the total cost would be low. 

Conclusion - MNA is retained for further consideration. 

2.6,4 Containment 
Containment technologies are implemented to reduce contaminant mobility but do 
not directly impact contaminant toxicity or volume. However, by reducing 
contaminant mobUity, contaminant toxicity may be indirectly reduced by reducing or 
ehminating potential routes of exposure. Containment technologies are typically 
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accompanied by long-term groundwater monitoring to verify that the containment 
measures have continued to be effective. 

Vertical barrier walls were identified as containment technologies with potential 
applicability at the Site. Vertical barriers can be used to reduce or prevent migration 
of contaminated groundwater from contaminant source areas. Most vertical barriers 
are limited by depth and will have limited apphcability at the Site where 
contamination has been detected at depth of 100 feet or more below ground surface 
(bgs). In addition, these barriers may be difficult to implement due to the presence of 
clay layers, existing buildings, and below^ ground utilities. The specific types of 
vertical barriers which are potentiaUy apphcable to the Site are described below and 
include slurry walls, synthetic membrane barriers, grout curtains, and sheet pile 
barriers. 

2.6.4.1 Slurry Wall 

Slurry walls are constiucted by pumping low permeability materials in slurry form 
into an excavated tiench. The slurry is typically composed of either a soU-bentonite 
mixture or a cement-bentonite mixture. The slurry is used to support the walls of the 
trench and to create a low permeabihty zone to reduce groundwater flow. Slurry 
walls are typically keyed into a low permeability layer such as clay or bedrock to 
minimize leakage beneath the wall. Slurry walls are typically placed at depths less 
than 30 to 40 feet bgs due to practical trenching limitations. However, using modified 
trenching equipment (e.g., clamshell bucket), depths up to 100 feet bgs can be 
achieved. 

Effectiveness - Slurry walls can be effective in containing contaminated groundwater 
or diverting clean groundwater flow around a contaminant source. However, slurry 
walls are not effective in reducing contaminant concentiations if implemented alone 
because the slurry wall neither removes nor destioys contaminants. Some types of 
slurry walls may deteriorate in the presence of certain organic contaminants and 
become less effective over time. 

Implementabihty - Slurry walls are implementable at the Site, however, slurry wall 
constiuction is hmited to 100 feet bgs, and can not be implemented to the required 
depth. The Intermediate Sand is located 130 to 150 feet bgs, and the Lower aquifer is 
located 160 to 250 feet bgs. Therefore, the chromium plumes in these two intervals 
could not be contained by slurry wall technology. 

Cost - Installation and material costs are estimated to be $10 per square foot (cross-
section) of soil/bentonite slurry wall and $20 per square foot (cross-section) of 
cement/bentonite slurry wall. 

Conclusion - Slurry walls are eliminated from further consideration because the 
chromium contamination is primarily located over 130 feet bgs. 
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2.6.4.2 Synthetic Membrane Barrier 

Synthetic membrane barriers are interlocking sheets of geomembrane placed vertically 
in the ground to form a barrier. Typically, this barrier is constructed by extending the 
geomembrane along the wall of an excavated tiench from the ground surface to a 
confining layer. The tiench is then backfilled with the excavated material. In some 
cases, the membrane barrier can be instaUed using vibratory methods instead of 
tiench construction. A synthetic membrane barrier can be used without a slurry waU 
or can be installed vertically within a slurry wall to supplement the barrier. A 
synthetic membrane barrier is typically installed at depths less than 30 to 40 feet bgs 
(due to practical tienching limitations). 

Effectiveness - The effectiveness of synthetic membrane barriers is the same as 
discussed previously for slurry walls. Some types of synthetic membranes may 
deteriorate in the presence of certain organic contaminants and become less effective 
over time. 

Implementability - Synthetic membrane barriers are not implementable at this site, as 
the depth of contamination is deeper than the practical hmits of this technology. 

Cost - Installation and material costs are estimated to be $15 to $20 per square foot of 
synthetic membrane barrier using conventional tienching methods. 

Conclusion - Synthetic membrane barriers are eliminated from further consideration 
because the chromium contamination is primarily located over a 130 feet bgs. 

2.6.4.3 Grout Curtain Barrier 

A grout curtain is formed by injecting grout, either particulate (such as Portland 
cement) or chemical (such as sodium sUicate), into the ground through well points. 
The grout is typicaUy injected through pipes set in a pattern of multiple adjacent lines 
with staggered well point spacing between lines. When using grout curtains, it may 
be difficult to verify whether or not a continuous curtain has been formed; but closer 
spacing of injection points wiU improve the likehhood that the curtain is continuous. 
However, grout curtain instaUation by injection is not subject to the depth hmitations 
associated with the tienching or vibratory installation methods used for other vertical 
barriers, and, therefore, may be the only vertical barrier that can contain 
contamination at depth. For use at the Site, a grout curtain would be installed from 
the top of Intermediate Sand to the top of the bedrock, to contain chromium 
contamination present in the Intermediate Sand and Lower aquifer. 

Effectiveness - The effectiveness of grout curtains is similar to slurry walls. However, 
grout curtains may be less effective than slurry waUs due to difficulties in achieving 
complete overlap of grout, particularly at depth. Because grout curtain installation is 
not subject to depth hmitations associated with other vertical barriers, grout curtains 
may contain the deep contamination found at this Site. 
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Implementability - Grout curtains are implementable, and resources and materials 
necessary for their construction are avaUable. 

Cost - Installation and material costs are estimated to be $15 to $100 per square foot of 
grout curtain and as such, grout curtains are the most expensive of the vertical barriers 
considered. 

Conclusion - Grout curtains are retained for further evaluation for potential use with 
the in situ tieatment technologies. 

2.6.4.4 Sheet File Barrier 

Sheet pile barriers are typically constiucted by driving or vibrating sections of steel 
sheet pihng into the ground. The practical depth limitation for driving sheet pile 
barriers is about 75 feet bgs. Each sheet pile section is interlocked at its edges and the 
void space between sheet pUes is tiemie grouted to minimize water from leaking 
through the piling. Sheet pUes are usuaUy keyed into a confining layer. 

Effectiveness - The effectiveness of sheet pile barriers is the same as discussed 
previously for slurry walls. Sheet pile barriers may deteriorate in the presence of 
acidic or alkaline solutions, as well as some organic contaminants, and become less 
effective over time. 

Implementability - Sheet pile barriers are not implementable at this site, as the depth 
of contamination is deeper than the practical limits of this technology. 

Cost - Installation and material costs are estimated to be $15 to $30 per square foot of 
sheet pihng. 

Conclusion - Sheet pUe barriers are eliminated from further consideration due to the 
chromium contamination is primarily located over 130 feet bgs. 

2.6.5 In Situ Treatment 
In situ tieatment technologies are designed to destroy or modify contaminants in 
groundwater without actually removing the groundwater from the subsurface. 
Avoiding the need to convey groundwater to the surface for tieatment can result in 
significant cost savings. Several in situ tieatment technologies were identified as 
potentially applicable technologies at the Site. These technologies are discussed and 
evaluated below. 

2.6.5.1 Geochemical Fixation 
In situ geochemical fixation is a process that reduces hexavalent chromium in 
groundwater to tiivalent chromium, resultirig in an iron/chromium precipitate which 
is permanently immobilized under site conditions. The technology is based upon the 
concept of extiacting contaminated groundwater and tieating it above ground, 
foUowed by reinjection of the tieated groundwater into the aquifer. The reinjected 
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groundwater is dosed with reductant to further tieat any residual hexavalent 
chromium contamination remaining in the interstitial pore spaces of the aquifer. 
Alternatively, this technology can be implemented without extiacting contaminated 
groundwater, and by injecting non-contaminated water dosed with reductant. 
Reductants added to the groundwater for in situ tieatment can include ferrous sulfate 
or chloride, sodium metabisuLfite, calcium polysulfide, sodium dithionite or other 
similar compounds, which remain mobUe after injection and can migrate into the 
contaminated groundwater plume. Sodium metabisuLfite and calcium metabisuUide 
have been used effectively at other chromium contaminated sites. This technique can 
reduce the hexavalent chromium concentiations in groundwater to levels below the 
drinking water standard at a fraction of the aquifer pore volume throughput required 
by typical pump-and-tieat methods. 

The success of this technology depends on the ability of the applied reductant to 
reduce hexavalent chromium in groundwater to tiivalent chromium, and on the 
abihty to form an immobile chromium(III) precipitate. The total chromium 
concentiation in the aquifer system is not decreased, but chromium is precipitated and 
fixed (immobilized) onto aquifer solids as tiivalent chromium so that it is not available 
for tiansport in the groundwater. Sodium metabisuLfite injected into the subsurface 
acts as a reductant. In general, sulfur compounds such as sulfide and sulfite reduce 
hexavalent chromium. 

In the presence of excess sulfite, the reduction of hexavalent chromium follows the 
reaction (EPA 2000): 

6H* + 2HCr04- +4HSO3- (excess) - 2Cr"3 + 2SO4-' + S2O5-' + 6H2O 

The metabisuLfite (SjOj'̂ ) formed by the above reaction can theh reduce Fe(III) to 
Fe(II), if it is present. This situation allows for reduction of hexavalent chromium by 
Fe(ll). In the presence of excess hexavalent chromium, the reduction to tiivalent 
chromium by sulfite foUows the reaction: 

5H" + 2HCr04- (excess) +3HSO3- ̂  2Cr"^ + SSO/' + S H p 

Therefore, the process of using sodium metabisulfite reduces the hexavalent 
chromium to tiivalent chromium, in situ, resulting in a chromium precipitate 
provided that the pH is between 4 and 13. 

As the water dosed with the reducing agent migrates through the contaminant plume, 
hexavalent chromium is reduced to tiivalent chromium, its less soluble form. The 
zone of contamination is swept with the reducing agent, leaving behind an 
increasingly larger clean water zone. Alternatively, injection can occur in the high 
concentiation areas (source zones) to effect a more rapid remediation. In situ 
geochemical fixation can be apphed to source zones, the concentiated or active zone, 
or the dilute or neutialized zone of the contaminant plume. 
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AppUcation of this technology to the Puchack Well Field Site would include multiple 
injection weUs to deliver the reductant into the aquifer. The configuration and 
quantities of the injection weUs would be determined through groundwater 
simulations and treatability studies. 

Effectiveness 
The effectiveness of this tieatment process is proven at other sites. At the site of a 
former paper mill on the Delaware River, the hexavalent chromium concentiation in 
the perched aquifer was 85,000 ug/L. After in situ treatment by reduction and 
precipitation by injection of ferrous sulfate dosed groundwater, the hexavalent 
chromium concentrations were reduced to 50 ug/L. The project began in 1995 and 
was completed in 1997. At another site, approximately 6,000 pounds of hexavalent 
chromium were released into the groundwater. A groundwater pump and tieat 
system maintained hydraulic contiol of the plume, tieated nearly 9 miUion gallons of 
water, and recovered approximately half of the hexavalent chromium. It was 
estimated that recovery of the remaining contamination would have required another 
ten years of tieatment. The tieatment approach at that site was switched to in situ 
tieatment using sodium metabisuLfite. Ln situ tieatment from February 1998 to 
October 1999 resulted in a reduction in plume size and mass of dissolved chrorruum in 
groimdwater by approximately 98 percent. This significant reduction in hexavalent 
chromium in the groundwater was accomphshed in less than two years, foUowing 
seven years of conventional groundwater extiaction and tieatment. 

This process would be cost effective if favorable site conditions exist. According to the 
EPA Technical Resource Guide titied In Situ Treatment of Soil and Groundwater 
Contaminated with Chromium (EPA 2000), in situ tieatment can remediate sites in a 
shorter duration (up to 75 percent reduction) and at less cost, when compared to ex 
situ tieatment process. Other advantages include: 

• Better hydraulic contiol is achieved by the reinjection of tieated water around the 
contarrunated plume, forming a ridge of tieated water. 

• Since water is reinjected, the same gradient can be estabhshed at lower pumping 
rates, avoiding stianding chromium in dewatered portions of the previously 
saturated aquifer. 

• In situ reduction of residual hexavalent chromium in interstitial void spaces can 
be achieved. 

• The amount of tieatment plant sludges for disposal is reduced since more 
hexavalent chromium is reduced and precipitated in situ. 

• The surface discharge of tieated water is reduced since water is reinjected. 

The Limitations of this in situ tieatment technology include: 

• Aquifer materials must have the ability to permanently affix tiivalent chromium. 
• Reduced tiivalent chromium could become re-oxidized to hexavalent chromium 

under certain conditions (e.g., presence of manganese dioxide); however, 
according to the guidance document (EPA 2000), the re-oxidizing of tiivalent 
chromium to hexavalent chromium has not been observed in the field. 
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Chromium(III) precipitates are extiemely difficult to oxidize and remobilize 
under almost all conditions. 

• Regulatory approval would be required for reinjection of pumped and tieated 
groundwater. 

• Aquifer material heterogeneities make design and tieatment more difficult. Pilot 
studies would aid in developing the design parameters. 

• Aquifer solids must be porous to water flow. The aquifers at the Puchack Site 
have high permeabihties. 

• Ferrous sulfate-based reductants may result in iron precipitation and clogging of 
aquifer pore spaces. Proper design and injection rate would alleviate this 
problem. 

• Excess reductant or reductant byproducts may have to be removed if undesirable 
or if it exceeds groundwater MCLs. PUot studies and monitoring during 
operation would mitigate this problem. 

The effectiveness of this in situ tieatment approach would need to be evaluated by 
performing tieatabihty studies. This would provide site specific information and 
predict how well the aquifer would respond to the injection of a reducing agent to 
tieat hexavalent chromium. Of particular importance is to evaluate the abihty of the 
reducing agent to migrate into the interstitial spaces within the aquifer material, and 
react with the chromium contamination. 

Implementability - Injection well installation and piping could be completed with 
conventional equipment that is readily available in the area. Finding space for the 
injection wells and routing the piping might prove to be difficult. This technology 
would be difficult to implement due to the relatively large plume size located in a 
highly developed area. The technology could be combined with MNA by targeting 
only highly contaminated areas for tieatment thereby reducing the cost and access 
issues. 

The administiative feasibility of implementing this option is dependent on the 
locations selected for the tieatment plant. Low short term impacts are anticipated 
during constiuction of the in situ geochemical fixation components, which would 
involve standard constiuction methods. 

Cost - If this technology is implemented using groundwater extiaction, tieatment and 
reinjection, the capital costs associated with instaUing the extiaction wells and piping 
are expected to be moderately expensive, but less expensive than tiaditional extraction 
and tieatment using reduction and precipitation processes. The O&M costs should be 
moderately expensive to maintain the extraction pumps and operate the smaller 
tieatment system. As a result, the total cost is expected to be moderate. 

If this technology is implemented using only injection, the capital costs associated 
with installing the injection wells is comparable to tiaditional in situ tieatment 
methods. The total cost of in situ tieatment is expected to be moderate. 

Conclusion - In situ geochemical fixation is retained for further consideration. 
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2.6.5.2 Permeable Reactive Barrier 

Permeable Reactive Barriers (PRBs) provide in situ tieatment of groundwater and are 
designed as preferential conduits for contaminated groundwater flow. These reactive 
barriers differ from highly impermeable barriers, such as grouts, slurries, or sheet 
pilings, which restiict the movement of the groundwater plume. PRBs can be 
installed as permanent, semi-permanent, or replaceable units across the flow path of a 
contaminant plume and act as a tieatment wall. Natural hydraulic gradients transport 
contaminants through the stiategically placed reactive media. When the 
contaminated groundwater passes through the reactive zone of the barrier, the 
contaminants are either immobilized or chemically tiansformed to a more desirable 
state. In the case of hexavalent chromium, it is reduced to tiivalent chromium and 
immobilized by precipitation onto reactive media or aquifer solids. PRBs are not 
currentiy used to directly remediate contaminant source areas, only to intercept and 
tieat contaminant plumes. 

PRBs are instaUed downgradient of a source zone, intersecting the contaminated 
groundwater flow. They can be installed with tienching, if the targeted portion of the 
aquifer is shallow and surface stiuctures do not interfere with access. They can also be 
installed by well injection. Given the relatively significant depth of the contaminant 
zone at the Puchack Well Field Site of up to 250 ft bgs for the Lower aquifer, the use of 
tienching would not be technicaUy feasible. Placement by injection wells would be 
the only option. Injection through standard vertical wells is the least expensive 
injection option but horizontal borings could be instaUed beneath existing structures 
and would create a more, uniform reactive zone. This is more difficult to achieve 
through vertical wells. Environmental impacts from tieatment waU instaUation, as 
weU as maintenance, may be less than with other technologies due to the placement of 
all tteatment materials underground with minimal disturbance to surface activities. 

A bench scale tieatabUity study was performed to evaluate in situ tecLmologies for 
remediation of hexavalent chromium in groundwater at the Puchack Site, and an 
Interim Progress Report has been prepared (PNNL 2005). The study investigated the 
use of sodium dithionite (Na2S204) to chemically reduce hexavalent chromium to 
tiivalent chromium which is the insoluble form. The abiotic reduction of ferric oxides 
to create a reduced zone is also referred to in situ redox manipulation, or ISRM. This 
technology has also been successfully demonstrated to tieat chromium contaminated 
groundwater in field tests at the Hanford Site in Washington State, and at the Frontier 
Hard Chrome Site in Vancouver, Washington. In both cases, hexavalent chromium 
was reduced and immobUized to below detection limits. 

Sodium dithionite is a stiong reducing agent that reacts with iron naturally present in 
the aquifer which subsequently reacts to reduce hexavalent chromium to tiivalent 
chromium. The following reaction describes the reduction of ferric iron by sodium 
dithionite (PNNL 2005): 

5204-̂  + 2Fe^" + 2H2O ^ 2Fe^" + 2SO3-2 + 4H" 
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The ferrous iron produced then reacts with hexavalent chromium to form trivalent 
chromium according to the reaction: 

Cr04'- + 3Fe'" + 4H2O - Cr(OH)3 + 3Fe^" + 50H-

The tieatabihty study determined that the reductive capacity of the aquifer to reduce 
and immobilize chromium could be increased significantly by the addition of sodium 
dithionite into the system. The study estimated that 63 pore volumes of groundwater 
containing high chromium concentiations (2 mg/L) would be reduced by natural 
reductive processes, and that through the additional of dithionite, the natural 
reduction capacity longevity in the tieatment zone would be increased to 355 pore 
volumes. 

Effectiveness - Due to uncertainties in the stiucture of the subsurface geology, pilot-
scale testing would need to be conducted to verify the effectiveness of the chosen 
reductant. Of particular importance is to evaluate whether the contaminated 
groundwater effectively migrates through the reducing agent and accesses the reactive 
sites to reduce the chromium contamination. Also, blockage of pore space with 
precipitated chromium (in tiivalent chromium form) could lead to hydraulic flow 
problems over time. 

Implementability - This technology would be difficult to implement due to the very 
long plume width requiring tieatment. Also, the general site area is highly developed 
and would likely be difficult to inject the reactive material in a continuous line, 
thereby allowing the potential for hexavalent chromium to migrate further 
downgradient. The technology could be combined with MNA by targeting only 
highly contaminated areas for installation of the PRB, thereby reducing the cost and 
access issues. 

Low impact to human health and the environment are anticipated during construction 
of the reactive waU, and would involve standard constiuction methods. During 
operation, very low impact to nearby businesses and residences is anticipated. 

Cost - The capital cost of injecting the reactive material to create a permeable reactive 
barrier is expected to be moderately expensive due to the cost for drilling boreholes 
for injection along the downgradient edge of the plume. The O&M costs would be 
low given that very little follow up work would be required after installation. As a 
result, the total cost is expected to be moderate to high. 

Conclusion - PRB is retained for further consideration. 

2.6.6 Collection/Extraction Processes 
The Puchack WeU Field Site lies within the Potomac-Raritan-Magothy (PRM) 
aquifer system. The PRM aquifer system is a high yielding formation with several 
stiatigraphic layers (see Figures 1-3 and 1-4). The chromium contamination at the 
Puchack WeU Field Site is located primarily in the Middle, Intermediate Sand and 
Lower aquifers. The RI data indicates that the highest concentiations of chromium 
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contamination are present in the Middle aquifer near the SGL Chrome site. The 
chromium contamination in the Intermediate Sand and Lower aquifer is more 
widespread but at lower concentiations than in the Middle aquifer, which will be 
remediated under OU2. The remediation for OUl will concentiate on the chromium 
groundwater plumes in the Intermediate Sand and Lower aquifer. In addition to the 
chromium contamination, VOCs were detected in the three aquifers. The VOC 
contamination is more widespread, with multiple sources. There are municipal weUs 
surrounding the Puchack Well Field, with the closest wells being the Morris/Delair 
and Delaware Garden well fields (see Figure 1-2). 

Groundwater extiaction technologies involve the active manipulation and 
management of groundwater prior to subsequent tieatment and/or disposal. 
Extiaction technologies are utilized to remove the contaminated groundwater from 
the aquifer and to physically prevent or reduce contaminant plume migration. The 
selection of an appropriate groundwater extiaction system depends on the depth of 
contamination and the hydrogeologic characteristics of the aquifer. Extiaction wells 
are typically used for sandy aquifers, while interceptor tienches are more suitable for 
shaUow, low yielding silty aquifers. Due to the very high permeability and relatively 
deep PRM aquifers, only extiaction wells were considered for groundwater collection. 

Groundwater extiaction using multiple extiaction wells placed within each 
contaminated aquifer has been evaluated. As part of the Puchack remediation efforts, 
the USGS has developed an area-wide groundwater computer model to better 
understand the complex site hydrology and geochemistiy and to simulate remediation 
options. This three-dimensional model of the Pennsauken-^Camden area represents a 
more detaUed, smaller area version of a larger USGS regional model of the Camden 
area. The Puchack area model provides additional vertical detail, including a new 
intermediate layer that was identified during the Rl field effort. This enhancement is 
important because this layer may provide a conduit for a significant portion of the 
Puchack chromium plume. 

The Puchack area model consists of a MODFLOW based groundwater flow model, 
developed by USGS. Mass tiansport simulation modeling for plume representation 
has not been developed yet. Flow model calibration was performed using avaUable 
water level and pumping data, and was then refined using an expanded database. 
Groundwater extiaction scenarios were developed and evaluated, using the 
groundwater flow simulation model as the means for testing effectiveness and 
predicting impacts on the aquifer system. The most important criteria for 
development and assessment of the scenarios were as follows: 

• Attempt to minimize the duration and volume of remediation pumping. 
• Similarly attempt to minimize the number of pumping wells, re-injection/ 

recharge facilities, tieatment plants, and lengths of piping. 
• Avoid pipeline crossings of major roads and raUroad tiacks. 

Note that none of the scenarios included pumping of any of the existing Puchack 
water supply wells as "plume contiol" wells. This is because the chromium plume 
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has migrated too far away for these wells to be effective contiol points. In addition, 
the Puchack well field is too close to the Morris and Del Air well fields. Mutual 
interference would be so significant that the Puchack wells would have to be pumped 
at inordinately high rates to contiol the plume. 

As part of the PE effort, the USGS performed groundwater modeling simulations for 
six pumping configurations, with varied extiaction well locations and pumping rates. 
The various simulations are described in the PE report. Additional model simulations 
for 4 pumping and 3 MNA configurations were conducted for the FS (see Appendix 
B). The pumping scenarios were developed to estimate the placement and numbers of 
extiaction wells, as well as the pumping rates necessary to capture the chromium 
plume and prevent further downgradient migration. This testing eliminated sub-
optimum alternatives and provided the basis for refining the scenarios. 

Generally, the scenarios were configured, based on certain assumptions, such that 
they would capture the chromium plume within a certain time frame. The scenario 
includes the foUowing basic assumptions: 

• Puchack Well Field is not in operation. 
• Morris Well Field is pumping at 12 million gallons per day (mgd). 
• Treated water is not re-injected or recharged. 
• Other municipal weUs are operated in their current capacities. 

Ln order to test the effectiveness of the extiaction scenarios, the basic assumptions 
were changed to simulate the impacts on the exttaction scenarios. The foUowing 
variations were simulated for the scenario: 

• Morris Well Field pumping would be increased to 20 mgd. 
• Delaware Garden WeU Field is not in operation. 
• Treated water would be recharged using injection w^ells or recharge basins. 

The model has not simulated the groundwater cleanup time. Travel time for 
chromium particles to reach the extiaction wells was simulated. The particle ttavel 
time should not be considered as cleanup time, but rather is to serve as a surrogate for 
comparing time required to flush out the contaminated groundwater and the 
effectiveness of plume capture. WhUe the maximum tiavel times for the chromium 
particles to reach the extiaction wells were over 30 years for many of the scenarios, the 
main plume area would require much less time to reach the extiaction weUs. As a 
result, capture time for the main plume area (e.g., 95 percent of particles) is a better 
indicator for plume capture. 

Based on the USGS modeling effort for the FS, scenario EX-1 was selected as a 
representative process option for the FS. 

2.6.6.1 Groundwater Extraction us ing Model ing Scenario EX-I 

The EX-I scenario includes five extiaction weUs located in the intermediate Sand with 
one pumping at 150 gallons per minute (gpm), one at 200 gpm, one at 350 gpm, and 
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two at 400 gpm. One extiaction well would be installed in the Middle aquifer 
pumping at 25 gpm. All intermediate Sand extiaction wells would be located north of 
the railroad, except for the Middle aquifer pumping well. No wells would be placed 
in the Lower aquifer. Contaminants in the Lower aquifer would be drawn up into the 
Intermediate Sand and captured by the 5 extiaction weUs in this zone. The total 
quantity of groundw^ater extiacted would be at 1,525 gpm. The extiaction wells were 
placed to facilitate broad coverage of the chromium plume, and minimize pumping. 
Two injection weUs would be placed updip of the plume into the Lower aquifer, 
which is thicker and more permeable. Baseline pumpage data was used to develop 
this scenario. Baseline pumpage is the average 1998-2000 water use plus projected 
withdrawals from the proposed Delaware Gardens Well. DetaUs of the EX-I 
configuration are provided in Appendix B. 

Effectiveness - Extiaction of the chromium contaminated groundwater using a series 
of extiaction weUs would be very effective in capturing and containing the plume. 
The permeable sandy aquifers are amenable to extiaction given that the contaminants 
would migrate readily through this media. However, the high yielding aquifer would 
require pumping at high flow rates to capture the entire chromium plume in a 
reasonable time frame. Based on model results, the estimated maximum tiavel time 
for the furthest edge of the chromium plume to reach the extraction wells is 120 years 
in the Middle aquifer, 51 years in the Intermediate Sand, and 28 years in the Lower 
aquifer. However, 95 percent of the particles would be extiacted in much less time for 
the Intermediate Sand (20 years) and Lower aquifer (15 years), while the Middle 
aquifer would be the same duration. The difference between the maximum travel 
times and the travel times for the bulk of the particles indicates that a portion of the 
particles probably are being delayed in the confining units whUe moving between 
aquifers. The time it would take to capture 95 percent of particles is a better indicator 
of the plume capture. Modehng scenario figures showing tiavel times are included in 
Appendix B. 

The particle tiavel times could be significantiy affected by other factors, such as 
pumping of other municipal weUs and re-injection or recharge of tieated water. Also, 
the primary goal of EX-I scenario is to capture the chromium plume; it would not 
capture the VOC contamination in areas beyond the chromium plume effectively 
without additional pumping and extraction wells. For the pumping configurations, 
USGS performed the foUowing additional simulations in order to determine the 
effects of these variables on the plume capture and particle tiavel times: 

• Discharge all tieated water at a location outside of the Puchack Well Field Site 
(EX) - The discharge would not interfere with the Lower aquifer plume capture 
but would decrease the particle travel times. 

• Increase Morris Well Field pumping from current 12 mgd to 20 mgd and re-inject 
all tieated water at a location within the Puchack Well Field Site simultaneously 
(EX-MD-I) - A significant portion of the plume would be puUed into the Morris 
Well Field. However, this effect could partially be mitigated, but not eliminated, 
by injecting treated water between Morris Well Field and the chromium plume. 
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• Increase Morris Well Field pumping from current 12 mgd to 20 mgd and recharge 
tieated water at a location on the Puchack Well Field Site (EX-MD-R) - The 
recharge would slow down the plume capture. Again, a significant portion of the 
plume would be pulled into the Morris Well Field. 

The simulation results are included in Appendix B. AU these factors have varying 
degrees of impact on plume capture and particle travel times, with the increase of 
Morris Well Field pumping having the greatest potential impact. 

The EX-1 scenario requires pumping at a substantial rate in order to cleanup the 
aquifers in a reasonable time frame. Since the Puchack Site is within an area where 
groundwater is a scarce resource, such a high pumping rate would not be desirable 
unless the tieated water is reinjected into the aquifer. The need to further increase the 
pumping rate significantly in order to capture the VOC plume makes this scenario less 
attractive. Nonetheless, EX-1 would be effective in capturing the chromium plume. 

The installation and operation of the extraction wells piping network would have very 
low impact to human health or the environment. There could be tiaffic congestion 
during constiuction of the pipe. The extiaction wells and piping would have the low 
possibility of release through leakage at the well head or along the run of piping. 
Since the piping runs would be within the plume areas, any leakage or accidental spill 
would be drained back to the groundwater. The extiaction wells would have smaU 
pumping facilities w îth security measures to limit access and potential exposure. The 
tiansfer piping is expected to be pressure tested duiing installation and may include 
double waUed piping should the risk of leakage be considered unacceptable during 
the design phase. 

ImplementabUity - Installation of extiaction weUs and tiansfer piping is technically 
feasible. The administiative feasibihty of implementing this option is depeiident on 
the locations selected for placement of the components. The transfer pipes are 
expected to be placed adjacent to stieets and along township right-of-ways. Also, 
efforts would be made to install the extiaction wells in township-owned property to 
avoid difficulties with property access issues with privately-owned land. 

There would be several problems that could have substantial cost and schedule 
impacts in bringing the extiacted water to a cential location for processing. The 
Puchack Site is located in a suburban area. The transfer pipe would need to be laid 
underground along the stieet in this highly congested area. Additionally, there is a 
railroad that tiansects the Site. Additional time and effort would be required to bring 
the piping across the railroad and select a suitable location where crossing the raiLroad 
would be feasible. In general, crossing of railroad lines is administiativeiy difficult 
due to coordination issues with railroad companies and the need to place tiansfer 
piping underneath the rail. Use of tienchless technologies that would not interrupt 
raU service may somewhat ease coordination issues. 
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Since all of the extiaction wells in EX-1 would be located north of the railroad, it 
would be logical to place the tieatment plant at the privately owned open space near 
Mercon. This property would need to be acquired by the government. 

Cost - The capital cost for the EX-I extiaction scenario is expected to be high. 

Conclusion - Groundwater extraction scenario EX-I wUl be retained for further 
consideration as a representative extiaction scenario. 

2.6.7 Ex Situ Treatment 
The primary advantage of ex situ tieatment over in situ tieatment is better process 
control (i.e., the ability to monitor and continuously mix the groundwater) which 
typically results in more uniform and effective tieatment. Treatment options were 
evaluated to reduce the TMV of contaminants by physical or chemical processes. The 
options evaluated include tieatment of extracted groundwater at an above ground 
tieatment plant. Treatment in onsite plants v/ould require permanent structures 
within buildings to accommodate the high flow rates. The applicabihty of onsite 
tieatment plants depends primarily on the availability of land for the tieatment 
facUities. The applicable tieatment technologies for handling chromium and VOCs 
include physical and chemical processes. 

2.6.7.1 Chemical Reduction and Precipitation 

Chemical precipitation converts dissolved metals in groundwater into an insoluble 
form. Metal ions generally precipitate out as hydroxides, sulfides, or carbonates, and 
are removed as solids through clarification and filtiation. The solid sludge containing 
the metal contaminant then is disposed of properly at an offsite facility. 

Treatment of chromium contamination requires the reduction of hexavalent 
chromium, which is primarUy in the form of chromate, Cr04^" and dichromate, CrjOy "̂ 
to the tiivalent state. The reducing agents commonly used include ferrous sulfate, 
sodium meta-bisuLfite, or sulfur dioxide. The first two reagents are fed in the dry or 
liquid form, whUe the third chemical is diffused as a gas. When ferrous sulfate is used 
as the reducing agent, the ferrous iron, Fe*^ is oxidized to ferric iron, Fe*^ and when 
sodium metabisuLfite or suLfur dioxide is used the negative ion S03^' is converted to 
S04^". The reduction of hexavalent chromium is more effective at low pH values, so 
addition of an acid may be required. 

Following reduction, tiivalent chromium is precipitated as a metal hydroxide using 
lime (more common) or sodium hydroxide as the reagent. This is referred to as the 
process of reduction and precipitation. The reaction of tiivalent chromium with lime 
forms chromic hydroxide, Cr(OH)3 which is insoluble in water. Precipitation of 
tiivalent chromium is most effective in the pH range of 8.0 to 9.5, due to the low 
solubility of chromic hydroxide in that range. 

Chromium reduction and precipitation generally can achieve an effluent in the range 
of 50 to 100 M-g/L. In order to meet lower effluent limits, it is sometimes necessary to 
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provide filtiation to remove floe carried over from the precipitation process, which 
consists of small non-settleable chromic hydroxide particles that are not readily 
removable by standard sedimentation processes. While lower levels are aciiievable, 
the use of ion exchange as a polishing step may be necessary to reach lower discharge 
limits. 

In general, the use of ferrous sulfate yields greater quantities of sludge than are 
produced through the use of suLfur dioxide or sodium meta-bisulfite, due to the 
formation of additional iron precipitates. 

A pUot scale system was installed and operated at the Puchack Well Field Site by 
CDM in 1992. The goal of this study was to determine whether the Puchack Well 
Field groundwater could be tteated to meet potable water standards for potential use 
in the public distiibution system. Based on an initial literature review and bench scale 
tests, ferrous iron w âs selected as the reagent for reduction of hexavalent chromium to 
trivalent chromium. The bench scale tests with Puchack WeU Field groundwater 
indicated that ferrous iron reacted rapidly with hexavalent chromium at pH 6, which 
is the natural pH of the groundwater. Chromium reduction with sulfur dioxide and 
suLfite compounds was considered, but was rejected due to the relatively slower 
reaction rates at neutial pH. 

The pilot scale system was designed to treat the average total chromium level of 2,600 
M-g/L and hexavalent chromium of 2,500 (xg/L. The groundwater was considered to 
have relatively low iron and manganese concentrations and high carbon dioxide 
levels. The pUot system pumped 40 gpm for 24 hours per day, five days per w^eek, 
over a two-month period, and tieated 1.7 mUlion gallons of groundwater. 
Components of the pilot unit included: 

• Ferrous iron addition, followed by in-line mixing. 
• Iron-chromium contact, for an adjustable contact time of 1 to 14 minutes, to 

reduce hexavalent chromium to tiivalent chromium. 
• Aeration to strip out carbon dioxide and thereby reduce calcium carbonate 

formation after lime addition, and to provide oxygen to oxidize both excess iron 
added to the water and manganese in the raw water. 

• Lime addition, in a rapid mix tank, to raise the pH from 7 (after aeration) to 
between 8.5 and 9.0, the optimal pH for tiivalent chromium removal. 

• Chlorination to prevent slime growth in the clarifier and dual media filter. 
• Flocculation, in the center zone of a solids contact clarifier, with addition of 

anionic polymer to improve settling. 
• Clarification in the quiescent zone of the clarifier to remove chromium hydroxide, 

iron hydroxide, manganese oxide, and calcium carbonate solids. 
• Dual media gravity filtiation to remove any floe in the clarifier overflow. 

Finished water was recharged to the groundwater through one of the Puchack wells. 
Clarifier sludge was thickened by gravity and subsequently dewatered on a plate and 
frame fUter press. As part of the pilot scale test, ferrous iron sources were evaluated 
including ferrous sulfate, ferrous iron generation using electrochemical methods, and 
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intioduction of nearby Morris Well Field water which contained 30 to 45 mg/L of iron 
and was reportedly available for use at up to 3 mgd. 

The pilot scale system demonstiated that chromium levels below 50 |.ig/L could be 
consistently achieved, and levels below 20 |ig/L were reached for most of the pilot test 
conditions. The project goal of 50 (xg/L was reached with an iron-chromium contact 
time of 1.8 minutes, and a stoichiometiic ratio for ferrous iron to chromium of 1.25. 
The clarifier overflow rate was 0.65 gallons per day per square foot (gpd/ft^), and the 
filter loading rate was between 4 and 6 gpm/ft^. The sludge yield was approximately 
740 pounds dry weight solids per miUion gallon of water tieated (assuming 2.6 mg/ L 
chromium in the raw water). The amount of sludge generated for the EX-I pumping 
scenario would therefore be approxinrtately 1,600 pounds per day for 1,525 gpm of 
pumping. 

The sludge cake was tested by the Toxicity Characteristic Leaching Procedure (TCLP) 
for chromium and indicated that the sludge was well below the hazardous waste 
limit. The waste is therefore not a characteristic waste and can be disposed in a 
Subtifle D landfiU. 

Given the success of the pUot scale system, it is expected that a full-scale groundwater 
pump and tieatment system would be modeled after the pilot unit. Average 
chromium concentiations to be encountered from the groundwater extiaction 
scenarios is anticipated to be in the range of 1,500 to 2,500 (ig/L,-based on weighted 
average chromium concenttations (see Appendix A). The design capacity of the 
tieatment plants would depend on the extiaction scenario. For EX-I, a total flow rate 
of 1,525 gpm would be extracted and tieated at a treatment plant north of the raUroad 
tiacks. 

Effectiveness - Treatment of hexavalent chromium with chemical reduction and 
precipitation is an effective groundwater remediation technology. It is best suited for 
the conditions at Puchack with high flow rates and achievable cleanup goals (PRG of 
70 ug/L). Pilot scale studies indicate that these cleanup goals can be reached using 
this approach. 

Treatment of chromium contaminated groundwater using reduction and precipitation 
is a proven technology and is rehable. 

Implementability - Chemical reduction and precipitation of chromium contaminated 
groundwater is technically feasible. The administiative feasibility of implementing 
this option is dependent on the availability of space for the tieatment plant. The 
tieatment plant could be sited on the open space located on a privately owned 
property on the south side of Derousse Avenue near Mercon. Currently, this space is 
used for equipment and material storage. Other siting locations may include the two 
areas within the Puchack Well Field. The drawback is that the Puchack Well Field is 
further away from the extiaction wells and would require a longer piping run to the 
tieatment plant. Depending on the utihzation plans by the current owners, EPA could 
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encounter some administiative difficulties in acquiring any privately owned 
properties. 

Low impact to human health and the environment is anticipated during construction 
of the tieatment plant. Construction would involve standard methods to buUd a 
concrete containment pad, equalization tanks, mixing tanks, clarifiers, holding tanks, 
fUter press, associated piping, and a small contiol building. During operation, 
potential leakage from tanks and piping would be contained on the bermed concrete 
pad. Also, tieatment chemicals would be placed in a secure storage building to 
minimize potential exposure to nearby businesses and residences. 

Cost - The capital costs to constiuct a tieatment system to handle the groundwater 
flow oi 1525 gpm under scenario EX-I are estimated to be high. The O&M costs for the 
duration of the pump and tieat system operation are estimated to be high. 

Conclusion - Chemical reduction and precipitation w îll be retained for further 
consideration. 

2.6.7.2 Ion Exchange 
Ion exchange is a process in which metal contaminants are removed from 
groundwater through exchange with relatively harmless ions in the ion exchange 
resin. Ion exchange resins are manufactured for removal of a wide variety of 
inorganic and organic ions, however, removal of inorganic ions is more common 
given that most organic compounds are non-ionic. The process is based on the use of 
specifically formulated resins having an exchangeable ion (e.g., H*, OH', Na*, Li*, 
CO3') bound to the resin with a weak ionic bond. GeneraUy, an array of resin beds 
containing different resins to tieat each type of ion are arranged in series. For 
chromium removal, the anion exchange can be apphed to remove hexavalent 
chromium (in the chromate and dichromate forms). Cation exchange can be 
employed for tiivalent chromium removal, however this would require low pH and 
reduction potential prior to ion exchange. The beds require monitoring for 
breakthrough and must be regenerated by backflushing using regeneration chemicals, 
which are hazardous. Ion exchange process equipment includes vessels for the resin, 
regenerant storage tanks, waste regenerant storage tanks, waste backwash tank, 
chemical feed systems (if necessary to reduce hexavalent chromium to tiivalent 
chromium), tiansfer pumps, contiols, and piping. 

Hexavalent chromium removal using ion exchange requires the use of a stiong base 
anion exchange such as an ammonium resin with a copolymer gel matiix. Pilot 
testing would be required to determine the optimum resin and tieatment conditions 
for removal of chromium. 

Ion exchange resins are generally too costiy for large-scale groundwater tieatment 
applications or to tieat high contaminant levels (i.e., chromium levels greater than 
1,000 ug/L), and are predominantly used for polishing of aqueous effluents after other 
tieatment processes in these instances. However, a tieatment system has been 
designed and built by CDM for the Glendale Water Treatment Plant to tieat 
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hexavalent chromium at high flow rates (7 mgd) using ion exchange. TLiis system was 
selected due to lower chromium levels (100 ug/L) and the need to reach very stiingent 
State of California Public Health Goals.(2.5 |J.g/L total chromium). CDM also 
prepared an FS for the Sprague Road Superfund Site, a chromium contaminated 
groundwater site in Texas, in which ion exchange was the chosen technology. This 
selection was based on the low flow rates being tieated (50 gpm), and the reliability 
and relatively low O&M requirements. 

For the Puchack WeU Field Site, ion exchange could be used as a polishing step if very 
low effluent limits are required (such as for use when discharge to a water distribution 
system is the discharge option). It is expected that an ion exchange system would 
require less space than a chemical reduction and precipitation system. 

Effectiveness - Ion exchange is a proven technology for tieating groundwater 
contaminated with hexavalent chromium. Treatment by ion exchange is more 
effective for low flow rates and low influent concentiations. However, it is effective in 
reducing chromium levels to very low levels. It is expected that cleanup of 
groundwater to 70 |ag/L would be easily achievable for this technology, although the 
expected high influent concentiation of 1,500 to 2,500 (J.g/L may make this technology 
less cost effective. Lf low effluent concentiation is desirable, ion exchange could be 
used as a polishing step in combination with other technologies, e.g., chemical 
reduction and precipitation. 

This technology also requires disposal of regenerant waste, which is hkely to be 
hazardous. A secondary tieatment step may be required in order to process the 
regenerant waste to render it non-hazardous. 

Treatment of chromium contaminated groundwater using ion exchange is a proven 
technology and is rehable. 

Implementability - The use of ion exchange to tieat the high flow rate and high 
chromium levels at the Puchack Well Field Site would not be cost effective if used as 
the sole tieatment method. It would be more appropriate to use ion exchange as a 
poUshing step. The administiative feasibility of implementing this option would 
encounter the same limitations and issues as the chemical reduction and precipitation 
process, whether it is used alone or in combination with other technologies. Space 
limitation would be the primary concern. It is expected that the tieatment plant could 
be sited on open space located on privately owned property on the south side of 
Derousse Avenue. EPA could encounter some administiative difficulties in acquiring 
privately owned properties. 

Low impact to human health and the environment are anticipated during constiuction 
of the tieatment plant, and would involve standard constiuction methods. During 
operation, potential leakage from tanks and piping would be contained on the bermed 
concrete pad. Also, tieatment chemicals would be placed in a secure storage building 
to minimize potential exposure to nearby businesses and residences. 
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Cost - The capital costs for installation of the ion exchange tieatment system including 
associated tanks, pumps, and piping, is expected to be moderately expensive. O&M 
costs would be relatively high due to costs for regenerating the resin and disposing of 
the resin waste. Therefore, the total cost would be relatively high. 

Conclusion - Ion exhange is retained for further consideration as a secondary 
tieatment process. 

2.6.7.3 Reverse Osmosis 

Reverse osmosis is a fUtiation process whereby pressure is applied to the water to 
overcome the osmotic pressure and force the water through a membrane. At 
sufficiently high pressures, usually 400 to 600 pounds per square inch, the water 
would flow out of the more concentiated solution, leaving the contaminants trapped 
on the other side of the synthetic membrane. The concentiated waste formed would 
require additional tieatment which is typically expensive. Reverse osmosis is 
considered the smallest membrane filtiation method, with pore size of less than 0.001 
micrometers. 

There is a tendency for the membrane to foul with the contaminants being removed. 
Also, colloidal solids, microbiological growth, and insoluble precipitates can collect on 
the membrane during operation. Periodic shutdown Of the system is necessary so that 
the membrane can be cleaned. This may be somewhat overcome through 
pretreatment steps such as pH adjustment, precipitation, or pre-filtration. 

Reverse osrnosis has typically been applied to high concentiation chromium plating 
wastes, whereby the concentrated chromium effluent can be recycled into the plating 
process. Application to the Puchack WeU Field Site may not be appropriate given the 
high flow rates and high chromium levels present. It may be more beneficial as a final 
pohshing step foUowing chemical reduction and precipitation. 

Effectiveness - Reverse osmosis is typically effective for removing chromium and 
other metals from the groundwater stieam, but would be more effective for use at sites 
with lower flow rates and contaminant concentiations. It is expected that cleanup of 
groundwater to 70 M-g/L would be achievable for this technology. However, this 
technology would generate large quantities of concentiated chromium wastewater 
which would require further tieatment (e.g., chemical reduction and precipitation) 
prior to disposal. The large waste stieam makes this process unattractive for the 
Puchack Site. 

Implementability - The use of reverse osmosis to tieat the high flow rate and high 
chromium levels at the Puchack Well Field Site would not be cost effective if used as 
the sole tieatment method. It would be more appropriate to use reverse osmosis as a 
polishing step. The administiative feasibility of implementing this option would be 
similar to the chemical reduction and precipitation process. 

Cost - The capital costs for installation of the reverse osmosis tieatment system 
including associated tanks, pumps, and piping, is expected to be moderately 
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expensive. O&M costs would be relatively high due to costs for further tieatment of 
the concentiated solution and disposal of the waste. Therefore, the total cost would be 
relatively high. 

Conclusion - Reverse osmosis is retained for further consideration as a secondary 
tieatment process. 

2.6.7.4 Electrochemical Precipitation 

Electiochemical precipitation uses direct electiic current that is apphed between two 
electrodes immersed in the water being tieated. The consumable electiodes generate 
ferrous ions at the anode and hydroxide ions at the cathode. An oxidation-reduction 
reaction then occurs between the ferrous, chromium, and hydroxide ions to produce 
ferric hydroxide (Fe(OH)3) and chromic hydroxide (Cr(OH)3), which subsequently 
precipitate from solution. The precipitates form an inorganic sludge that must be 
tieated and/ or disposed offsite. A typical electiochemical cell for hexavalent 
chromium tieatment consists of a tank, consumable iron electrodes, and a direct 
current electiical supply system. The electiodes require periodic cleaning with an acid 
solution, and replacement when consumed. Post tieatment steps include clarification 
and fUtiation. 

Effectiveness - Treatment of hexavalent chromium with electrochemical precipitation 
is an effective and reliable groundwater remediation technology. This technology 
would be capable of achieving the 70 fig/L treatment goal. 

Implementability - Electiochemical precipitation of chromium contaminated 
groundwater is technically feasible. The administiative feasibility of implementing 
this option is simUar to the chemical reduction and precipitation process. 

Cost - The capital costs for installation of the electrochemical precipitation tieatment 
system including associated tanks, pumps, and piping, is expected to be moderately 
expensive. O&M costs would be relatively high due to costs for periodic replacement 
of the electiodes and disposal of the waste sludge. Therefore, the total cost would be 
relatively high. 

Conclusion - Electiochemical precipitation is retained for further consideration. 

2.6.7.5 Iron Filtration Process 

A process for removal of heavy metals from groundwater has been developed by 
Stevens Institute of Technology, New Jersey. The filtiation system consists of a 
column of zero valent iron fihngs and a sand filter in series. The reactive media has 
been designed to prevent the fusion of the iron filings and maintain the iron in an 
active state. As a result, the need for backwashing and regeneration is minimized. 
Heavy metals including chromium react with the iron filings by electiochemical 
precipitation and form solids. The sand filter removes the suspended solids. 
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This process has been tested at the bench scale in which hexavalent chromium levels 
were reduced from 10,000 |ig/L to less than 2 |ig/L. In addition, chlorinated solvents 
commingled in the Puchack Well Field Site plume could be tieated via dechlorination 
by the iron filings. The process has not been evaluated at the pilot- or full-scale level, 
so it is considered an emerging technology. As a result, bench- and pilot-scale studies 
would be required prior to full scale implementation. The iron filtiation system 
requires a smaller footprint than chemical reduction and precipitation given that the 
system is comprised of a reaction chamber and sand fUter. 

Effectiveness - The process is pronusing if proven to be reliable in the full scale 
operation. The process would be easier to operate and generate less sludge than the 
chemical reduction and precipitation process. Treatment of hexavalent chromium 
with the iron filtiation process has only been demonstiated to be effective at the 
bench-scale. The process would require pilot-scale testing to demonstiate its 
effectiveness and reliability. 

Implementabihty - The basis for the technology which uses zero valent iron to reduce 
the hexavalent chromium to tiivalent chromium appears to be technically feasible but 
not proven at pilot- or full-scale. The administiative feasibility of implementing this 
option would be similar to the chemical reduction and precipitation process. 

Cost - The capital costs for installation of the iron filtiation process is expected to be 
moderately expensive. O&M costs would be moderate given the relatively low cost 
for the zero valent iron compared to chemical reagents necessary for chemical 
reduction and precipitation; however, this technology may be labor intensive due to 
potential unforeseen implementation problems. As a result, the total cost would be 
moderate to relatively high. 

Conclusion - Iron filtiation process is eliminated from further consideration because it 
has not yet been proven to be reliable in the full-scale operation. 

2.6.7.6 Air Str ipping 

The Puchack Site chromium groundwater plume has a commingled chlorinated 
solvent plume, which could be easily tieated by air stiipping. Air stripping is a mass 
tiansfer process in which volatile contaminants in water are tiansferred to a gaseous 
phase. This process works best on contaminants with high volatility and low 
solubility (i.e., high Henry's Law constant) including the chlorinated solvents present 
at the Puchack Site. Several contacting systems can be used, such as mechanical 
surface aerators, diffused aeration, spray or tiay towers, open channel cascades, spray 
fountains, and counter-current packed towers. The tiay tower and packed tower are 
the most commonly used processes in which water cascades down through a packing 
material while air is forced up through the packing by means of a blower. Primary 
factors which govern the efficiency of the process include the air-to-water ratio, 
pressure drop, tower height, surface area of the packing material, contact time, and 
temperature of the effluent. The use of steam or heated influent air can be used to 
increase temperatures thereby improving removal efficiencies, particularly for 
compounds which are less volatUe and more soluble. Pretieatment of suspended 
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solids and inorganics such as iron and manganese (which become oxidized and 
precipitate out), may be necessary to avoid deposition on, and subsequent clogging of, 
the packing material. However, groundwater data from the Puchack Site indicate that 
iron and manganese levels are relatively depleted in the contaminant zone, so 
pretieatment to remove suspended sohds may be the only necessary step. In addition, 
pH adjustment may be a consideration to minimize the buildup of bacterial slime in 
the unit. Treatment of the offgas may be required prior to discharge to the 
atmosphere depending on contaminant levels and the location of potential receptors. 
Offgas tieatment can be accomplished using vapor phase carbon adsorption or 
catalytic oxidation. 

Based on the relatively high flow rates anticipated at the Puchack Site, it is expected 
that two to three large air stripping towers would be required to handle the flow rates 
and chlorinated solvent contaminant levels. The air strippers would be placed after 
the chromium tieatment process. In addition, a vapor phase carbon adsorption unit 
may be required due to the close proximity of industiial and residential properties. 
Effectiveness - Air stiipping is a proven technology of tieating groundwater 
contaminated with chlorinated solvents. Depending on the operating conditions 
used, removal efficiencies of 90 to 95 percent are generaUy possible. Given that the 
maximum groundwater contaminant levels for TCE (360 |ig/L) is well above the PRG 
of 1 |ig/L, it would be necessary to optimize the air stiipping approach or use liquid 
phase carbon adsorption as a polishing step. Air stiipping would be used in 
conjunction with a chromium tieatment process. 

Treatment of chlorinated solvents in groimdwater using air stiipping is a proven 
technology and is rehable. 

Implementability - Air stiipping for tieatment of chlorinated solvent contaminated 
groundwater is technically feasible. Air stiipping towers are readily avaUable from 
many vendors. The administiative feasibUity of implementing this option is expected 
to be high as air stiipping of VOCs is proven and commonly implemented. 

Low impact to human health and the environment are anticipated during construction 
of the air stiippers, and would involve standard construction methods. During 
operation, potential leakage from tanks and piping would be contained on the bermed 
concrete pad. Also, offgases would be tieated with vapor phase carbon adsorption if 
deemed necessary to protect nearby businesses and residences. 

Cost - The capital cost for this option will be a function of the extiaction scenario. For 
the air stiipper, using EX-I, capital costs are estimated to be high. The armual O&M 
costs are estimated to be low. 

Conclusion - Air stiipping for VOC removal is retained for further consideration. 

2.6.8 Discharge 
Discharge options were evaluated which serve as end-points for the extiacted and 
tieated groundwater under the pump and tieatment remedial approach. They include 
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reinjection wells, discharge to infiltiation facilities, discharge to public drinking water 
system, and discharge to surface water (including discharge to storm sewer with 
conveyance to surface water). This evaluation takes into account the various 
technical, administiative, and regulatory issues which must be considered in order to 
select the most suitable discharge option. 

2.6.8.1 Injection Wells 

The use of injection wells consists of reinjecting the tieated water back into the 
groundwater aquifer. For the pump and tieatment remedial approach, several 
injection wells could be installed within the northern part of the Puchack Well Field 
property. This location was selected based on USGS simulations (EX-I). This open 
space location is upgradient of the chromium plume and w^ould provide a recharge 
zone to replenish the extracted groundw^ater and enhance the process of flushing out 
the contaminants in the aquifer. Based on the simulations, two injection wells would 
be screened to discharge 750 gpm each of tieated water into the Lower aquifer. It is 
expected the tieated water would be below MCLs and contamination levels from the 
tieated effluent that is reintioduced into the highly utUized PRM drinking water 
aquifer would not present an unacceptable risk to human health and the envirorunent. 

Effectiveness - Based on the hthological features identified from monitoring well 
boring logs within the Puchack Well Field Site, the Lower aquifer layer is very 
permeable. The injection weU discharge option would be very effective at aUowing 
the discharged effluent to disperse back into the groundwater to replenish the aquifer. 
The USGS has simulated the effects that re-injection of the ti'eated water would have 
on the pumping scenario (see Appendix B, Scenarios EX-I and EX-MD-I). These 
modeling runs indicate that at the proposed re-injection locations, the re-injected 
water could interfere with the extiaction process in the Lower aquifer. This effect 
could be mitigated by adjusting the injection and extiaction locations. The injection 
could also provide a barrier between the chromium plume and the Morris Well Field. 
Pennsauken is in critical shortage of drinking water. By re-injecting the tieated water 
into the ground, the remediation would not be a burden to this critical problem and 
could put the tieated water to beneficial use. 

The system of groundwater injection wells would provide several benefits to the local 
environment. The weUs would be isolated from the local environment, and would not 
impact local surface water bodies. Also, very little land space is required for this 
discharge approach. The effectiveness of this option would rely on proper injection 
well design and constiuction, including adequate pipe sizing, proper placement of the 
wells, and reliable materials of constiuction. 

Implementability - The option to discharge tieated effluent to a series of injection 
wells would be easily and readily implementable, given that standard construction 
methods and materials would be utiUzed. A minimum of land space would be 
necessary for this option, and is available at the Puchack WeU Field Site. The 
subsurface at this location is also suitable for the installation of injection wells for 
discharge to the Lower aquifer which ranges from approximately 160 to 250 ft bgs. 
Some ImplementabUity problems can arise during long term operation of injection 
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wells, such as clogging of screen packs with precipitates Or microbial fouling, 
particularly in high iron conditions. These can be overcome by proper removal of 
excess iron from the tieated water, periodic chlorination of the injected water, and 
redevelopment and cychng on/off of wells. In the short-term time frame during 
constiuction, some impacts to the local environment could arise during constiuction 
activities. 

This option would most likely require appUcation through the NJDEP's Division of 
Water Quality for a New Jersey Pollution Discharge Elimination System (NJPDES) 
Discharge to Groundwater (DGW) permit. An alternate option would be permitting 
through NJDEP's Site Remediation Division. It is expected that local authorities 
would be receptive to this discharge option. 

O&M of this option is not expected to be substantial, and would include periodic 
monitoring and cleaning of the injection wells. 
Cost - The capital cost for the injection wells wiU be a function of the extraction 
scenario. The injection well discharge option, using EX-I, capital costs are estimated to 
be high. The annual O&M costs are estimated to be low. 

Conclusion - Injection wells are retained for further consideration. 

2.6.8.2 Recharge Facilities 

Under this discharge option, tieated effluent water w^ould be dehvered to recharge 
basins via discharge piping. Recharge basins are shallow ponds that allow water to 
infiltiate into the ground gradually, and depending on the permeability of the soil, 
generally require large surface areas. 

Another method of artificial groundwater recharge would be an infiltration gaUery. 
This system would be developed as a series of perforated pipe galleries laid 
underground, which would receive tieated groundwater from the onsite tieatment 
plant, and disperse the flow evenly through the discharge system, down to the 
underlying aquifer system. 

Another variation to recharge basins would be leaching basins. These are 
underground covered pits that are typicaUy 5 to 10 feet wide and 10 to 20 feet deep. 
Although more of them may be needed to handle the flow rate, problems of safety and 
maintenance associated with recharge basins would be avoided, and they would not 
require extensive land surface, particularly important in highly developed areas such 
as the Puchack Well Field. 

The surface area required depends on the extraction rates and types of facilities. For 
the EX-1 scenario, it is estimated that a recharge basin area of approximately 10 acres 
would be required. Conditions at the recharge basin location would have an impact 
on the land area required. These include conditions such as the site-specific lithology 
and recharge rates in the subsurface soils. There is very limited open space near the 
Puchack Site which can be used for the recharge facilities. Based on a review of aerial 
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photographs and site reconnaissance work, only the Puchack WeU Field and the 
adjacent Pennsauken wooded area have the needed space for recharge facilities. 

Effectiveness - Given the lithologic conditions at the Puchack Well Field Site, the 
recharge basins discharge option could be very effective at aUowing the discharged 
effluent to percolate through the unsaturated subsurface material and reach the 
groundwater zone. Clays or silty materials that could impede the downward flow of 
effluent are present at approximately 30 feet or greater below the ground surface in 
the area planned for this option. However, this determination is based on limited 
information. Additional subsurface investigations would be required to confirm the 
absence of silt or clay layers in the subsurface and to develop an estimated design 
loading rate. The effectiveness of this option would rely on the proper constiuction of 
the basins, including adequate sizing, and use of suitable sand and gravel. 

The recharge basins provide several benefits to the local envirorunent: the system 
operation would not be intiusive to the local environment; would not impact local 
surface water bodies; and local authorities and citizens would also realize the benefit 
of recovering tieated water to preserve the groundwater supply in the area, which is a 
critical situation in this region, and the local townships. 

Implementability - The recharge basins discharge option is readily implementable, as 
standard construction methods and materials would be utilized. However, open land 
space is very limited. Adequate land space for this option is only available at the 
Puchack Well Field and the adjacent wooded area. The government would need to 
obtain the land from the City of Camden. 

This option would most hkely require application through the NJDEFs Division of 
Water Quality for an NJPDES DGW permit. An alternate option would be permitting 
through NJDEFs Site Remediation Division. 

During constiuction, some impacts to the local environment could arise due to 
excavation and constiuction of the recharge basins. These could include noise impacts 
to the local community and construction dust emissions during excavation and 
hauling activities. O&M of this discharge option is not expected to be substantial, but 
basin maintenance problems, debris buUdup, and safety for intruders would also be a 
consideration. 

Cost - The capital cost for this option is a function of the recharge basin size. For 
extiaction scenario EX-L capital costs are estimated to be high. The annual O&M costs 
are estimated to be low. 

Conclusion - Recharge facilities are retained for further consideration. 

2.6,8.3 Surface Water Discharge 

Under this discharge option, effluent from the groundwater tieatment system would 
be delivered to local surface water bodies directly or through the local storm sewer 
network. Effluent would potentially be dehvered to the nearby Delaware River, 
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located approximately 1 mile to the west/northwest of the Site, or other selected local 
surface water bodies, such as Tippens Pond, west of the SGL Chrome Site, which 
eventually discharges to Delaware River. The most favorable option for discharging 
to the Delaware River would be to pipe the tieated water to Puchack Run, adjacent to 
the Puchack Well Field, which is located along the north side of Interstate 90, and 
discharges to the Delaware River at the Betsy Ross Bridge located approximately 0.7 
miles downstieam. Dehvery of effluent to Puchack Run would involve the 
installation of a discharge pipe a distance of approximately 0.4 mUes to the north. The 
same pipe could be used for carrying the water to the injection wells and/or recharge 
basins, both of which would be located in the Puchack Well Field. 

Discharge to the local storm sewers would be less viable because of the large flow 
rates of tieated water involved. This option requires delivery of groundwater 
tieatment effluent at a very high flow rate (1,525 gpm) through a limited portion of the 
local storm sewer network. Storm sewer hnes along Derousse Avenue and the 
adjacent residential stieets located in the contaminant plume area are owned by 
Peruisauken Township. Stormwater flowing along Derousse Avenue flows northwest 
to River Road, then flows through industiial property towards several outfall lines 
running northwest. Stormwater flowing northeast through these pipelines drains to 
Puchack Run. This joins drainage from the north (the Delair neighborhood) which 
also discharges to Puchack Run, with ultimate discharge to the Delaware River. 
Potentially, the effluent discharge from the tieatment system could be spht, and a 
combination of discharge options would be utilized, with only a smaller, more 
manageable flow rate discharged to the local storm sewer network. 

Another consideration would be dehvery of tieated effluent to Tippens Pond, west of 
the SGL Chrome Site. Dehvery to this water body would require piping placed below 
the raUroad right-of-way. 

Effectiveness - This option would serve to provide an efficient disposal option for the 
tieated water. Ultimate discharge into the Delaware River would not cause any 
adverse effects to the local environment, since tieated water would contain 
contaminant levels below drinking water standards. Contaminant levels would also 
be below any necessary maximum daily discharge hmitations under the Camden 
County Municipal Utilities Authority's (CCMUA) Sewer Use Ordinance. Ln addition, 
the flow volume, even at the highest of the options (2.16 rngd), would not adversely 
impact the Delaware River. In this area, the daUy flow of the Delaware River is 
approximately 4 billion gallons. 

Discharge into Puchack Run, a charmelized stieam located adjacent to the Puchack 
Well Field and flowing in a northwesterly direction near the Site, could create a small 
flow impact to this water body, but likely would not create flooding concerns. This 
concrete-lined stieam eventually discharges into the Delaware River adjacent to the 
Betsy Ross Bridge. At this point in time, the design peak capacity of Puchack Run is 
not known; however, local officials do not cite drainage or flooding problems in this 
area. Based on a rough estimate, the Puchack Run is capable of handling 60,000 to 
80,000 gpm of flow. Even at the maximum discharge rate, it would only consume a 
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small fraction of this capacity. Local flooding concerns are experienced upstream 
where the Puchack Run has earthen constiuction, at the Westfield Avenue and Route 
90 intersection area, near Crescent Burial Park. The Township of Pennsauken is 
planning a Stormwater Management Plan (SWMP) for this area that may include 
constiuction of a stormwater management pond at this intersection area. 
Furthermore, if a remedial option was developed involving splitting the effluent 
discharge flow so that a portion is delivered to Puchack Run, the impact would be 
lessened. During flooding periods, the discharge could be turned off temporarily 
without impact to the extiaction and tieatment process if a recharge basin or injection 
wells were included in the discharge design. 

The limited capacity of the storm sewer would ehminate the option of discharging to 
the storm sewer. Existing sewer lines would not be able to handle a large increase in 
flow, since the lines are designed for certain local rainfall events along with a certain 
capacity for local development. Since the immediate neighborhoods are at or close to 
maximum development, and the amount of impervious surface area cannot 
significantly increase apart from this remedial action, the existing storm sewers would 
not likely be upgraded in the future. As a result, rehabilitation or upgraded flow 
capacity for storm drainage would be necessary. 

Implementabihty - A point source discharge permit may be necessary from NJDEP to 
allow for this activity. Application for this would be necessary with the NJDEP's 
Constiuction and Connections Division. Factors such as the concentiation of 
contaminants and suspended sohds in the effluent, flow rates expected, and the 
purpose of the discharge activity would be considered in determining possible 
approval of the application. 

In addition to the above considerations, local municipality and/or sewer authority 
approval for the discharge of a considerably large volume of water to storm sewers or 
surface water bodies such as Puchack Run or Tippens Pond would require local 
approval. Local objection to the addition of a large volume of flow is unknow^n at this 
time. The risk of flooding problems to Puchack Run or possibly Tippens Pond could 
be managed by the local waterways. In addition, although contaminant discharges 
would be below regulatory standards, residual levels may impact aquatic and 
terrestiial life, especially in Tippens Pond. Discharge to the Delaware River would 
have the lowest impact to surface water; however, the necessary conveyance through 
the local storm sewer system along Derousse Avenue could create an indirect adverse 
impact as this system's capacity may be exceeded during rainfall events. 

Cost - Costs related to the discharge of tieated effluent to local surface water bodies 
would be in the low to medium range, depending on the surface water body selected. 
Costs would be incurred for the constiuction and installation of new pipelines if a 
discharge to Puchack Run is selected. No new piping costs would be necessary for 
discharge to the Delaware River, although there would be costs for the installation of 
new discharge piping from the tieatment plant to the existing sewer network. A 
discharge to Tippens Pond scenario would require new piping costs from the SGL 
Chrome Site, but much less piping would be required. In addition to these costs, it is 
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likely that one-time permitting costs would be incurred to receive the necessary 
regulatory approvals from NJDEP (for a Point Source Discharge Permit) and/or the 
Pennsauken Water and Sewerage Authority. 

The capital cost for this option are estimated to be low. The annual O&M costs for this 
alternative are estimated to.be low. 

Conclusion - Surface water discharge is retained for further consideration in 
combination with another discharge option, such as injection. 

2.6.8.4 Public Water System Discharge 

Under this discharge option, the tieated groundwater would be delivered directiy to 
the local drinking water supply system. After undergoing tieatment to reduce 
contaminant levels to below NJDEP and federal MCLs, potable-quality water would 
be dehvered to the local supply through a connection nearest to the tieatment plant 
location. 

This discharge option would require application for a Point Source Permit through 
consultation with NJDEFs Bureau of Safe Drinking Water. 

Effectiveness - Under this option, no direct discharges of treated effluent to the 
environment would occur. As a result, the local environment would not be affected. 
Human health impacts would be lov^ as tieated water would be of potable quality and 
would meet the drinking water standards. However, there is a concern that 
chromium tieatment system could potentially fail and risk to potable water users 
would occur. To mitigate this problem, very frequent or even continuous sampling 
could be instituted to ensure that safe drinking water is being provided, or to alert the 
operators to shut off the system and prevent distiibution of the water. 

The additional fresh drinking water capacity (2.16 mgd) provided by this new source 
would have positive impact to the local environment. Currentiy, local water supplies 
are not abundant and municipalities are in need of additional sources. Delivery of 
tieated water to the potable water distiibution system would reduce the need to pump 
at other well fields, as well as avoiding loss of groundwater to surface water 
discharge. 

Implementability - A point source discharge permit would be necessary from NJDEFs 
Bureau of Safe Drinking Water to allow for this activity. Factors such as the 
concentiations of contaminants in the effluent, type of tieatment employed, and 
amount of avaUable water from this activity would be considered. Pubhc agencies 
and users are not receptive to this option. 

Delivery to the drinking water supply of this effluent would be technically possible. 
Only a connection pipeUne to the water supply from the tieatment system is needed, 
and no additional piping would be necessary. 
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Constiuction of this option would not be intensive and would involve only minor 
short-term impacts to the local environment in terms of noise, constiuction dust 
emissions, and excavation activity. Under this option, permitted contaminant levels 
and tieatment stipulations as per the NJDEP would help to ensure protection of 
human health. 

Cost - Costs related to the discharge of tieated effluent to the potable water supply 
would be in the low range, and would provide significant cost savings compared to 
the injection and recharge alternatives. 

Conclusion - Public water system discharge is eliminated from further consideration 
because public agencies are not receptive to this option. 
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Table 2-1 
Potential Chemical-Specific ARARs 

GUI Feasibility Study 
Puchack Well Field Superfund Site 
Pennsauken Township, New Jersey 

Act/Authority 
Federal Resource 
Conservation and 
Recovery Act 

Federal Safe 
Drinking Water Act 

Federal Safe 
Drinking Water Act 

State of New Jersey 
Statues and Rules 

State of New Jersey 
Statues and Rules 

State of New Jersey 
statues and Rules 

Criteria/Issues 
Groundwater Protection 
standards and Maximum 
Concentration Lirinits 

National Primary Drinking 
Water Standards-Maximum 
Contaminant Levels (MCLs) 
and Maximum Contaminant 
Level Goals (MCLGs) 

National Secondary Drinking 
Water Standards-Secondary 
MCLs 

Groundwater Quality 
standards 

Primary Drinking Water 
standards-Maximum 
Contaminant Levels (MCLs) 

state Secondary Drinking 
Water Standards-Secondary 
MCLs 

Citation 
40 CFR 264. 
Subpart F 

40 CFR 141 

40 CFR 143 

N.J.A.C. 7:9-6 

N.J.A.C. 7:10 

N.J.A.C. 7:10-7 

Status 
Applicable 

Relevant and 
Appropriate 

To Be 
considered 

Applicable 

Relevant and 
Appropriate 

To Be 
considered 

Brief Description 
Establishes standards for groundwater protection 

Establishes health- and technology-based 
standards for public drinking water systems. Also 
establishes drinking water quality goals set at 
levels at which no adverse health effects are 
anticipated, with an adequate margin of safety. 

Establishes standards for public drinking water 
systems for those contaminants which impact 
the aesthetic qualities of drinking water. 

Table 1 and Table 2 establish standards for the 
protection of groundwater quality. Used as the 
primary basis for setting numerical criteria for 
groundwater cleanups. 

Establishes MCLs that are generally equal to or 
more stringent than SDWA MCLs. 

Establishes standards for public drinking water 
systems for those contaminants virfiich Impact 
the aesthetic qualities of drinking water. 
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Table 2-2 
Potential Location-Specific ARARs 

OUl Feasibility Study 
Puchack Well Field Superfund Site 
Pennsauken Township, New Jersey 

Act/Author i ty 

Federal National 
Environmental Policy 
Act (NEPA), 

Federal (Non-
Regulatory) 

Federal (Non-
Regulatory) 

Federal Endangered 
Species Act 

Federal Fish and 
Wildlife Conservation 
Act 

Federal Fish and 
Wildlife Coordination 
Act 

Criteriayissues 

Statement of 
Procedures on 
Floodplain 
Management and 
Wetlands Protection 

Floodplains Executive 
Order 

Wetlands Executive 
Order 

Protection of threatened 
and endangered 
species 

Statement of 
Procedures for Non-
game Fish and Wildlife 
Protection 

Statement on 
Procedures for 
coordination with Fish 
and Wildlife Services 

Citat ion 

40 CFR 6, 
Appendix A 

EO 11988 

EO 11990 

16 USC 1531 et 
seq.; 40 CFR 
400 

16 u s e 2901 et 
seq. 

16 USC 661 

Status 

To Be 
Considered 

To Be 
Considered 

To Be 
Considered 

Applicable 

Applicable 

Applicable 

Brief Descript ion 

Establishes EPA policy and guidance for 
carrying out Executive Order 11988 -
Protection of Floodplains. Action must 
avoid adverse effects, minimize potential 
harm and restore and preserve natural 
and beneficial values of the floodplain. 

Federal agencies are required to reduce the 
risk of flood loss, to minimize impact of 
floods, and to restore and presen/e the 
natural and beneficial values of floodplains. 

Federal agencies are required to minimize 
the destruction, loss, or degradation of 
wetlands and to preserve and enhance 
natural and beneficial values of wetlands. 

Standards for the protection of threatened 
and endangered species 

Establishes EPA policy and guidance for 
promoting the conservation of non-game 
flsh and wildlife and their habitats. Action 
must protect fish or wildlife. 

This law requires that any Federal agency 
that proposes to modify a body of water 
consult with the United States Fish and 
Wildlife Service (USFWS). 

FS Considerat ion 

The potential effects of any action will be 
evaluated to ensure that the planning and 
decision-making reflect consideration of 
flood hazards and floodplains 
management, including restoration and 
preservation of natural, undeveloped 
floodplains. 
The potential effects of any action will be 
evaluated to ensure that the planning and 
decision making reflect consideration of 
flood hazards and floodplains management, 
including restoration and preservation of 
natural undeveloped floodplains. 

Remedial alternatives that involve 
construction must include all practicable 
means of minimizing harm to wetlands. 
Wetlands protection considerations must 
be incorporated into the planning and 
decision-making process for remedial 
alternatives. 

The potential effects of any action will be 
evaluated to ensure that any endangered 
or threatened species would not be 
affected. 

Potentially applicable for construction 
activities which may impact non-game 
fish and wildlife and their habitats. 

During the Identification, screening, and 
evaluaflon of alternatives, the effects on 
streams and v/etlands will be evaluated. If 
an alternative modifies a body of water or 
potentially affects fish or wildlife, EPA must 
consult the USFWS. 
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Table 2-2 
Potential Location-Specific ARARs 

0U1 Feasibility Study 
Puchack Well Field Superfund Site 
Pennsauken Township, New Jersey 

Act/Authority 
Federal Nafional 
Historic Preservation 
Act 

New Jersey Flood 
Hazard Area Control 
Act 

New Jersey 
Freshwater WeWand 
Protection Act 

New Jersey 
Endangered and Non 
Game Species 
Conservation Act 

New Jersey 
Endangered Plant 
Species List Act 

New Jersey Soil 
Erosion and 
Sediment Control 

New Jersey Noise 
Control Act of 1971 

Criteria/Issues 
Procedures for 
preservafion of 
historical and 
archeological data 

Floodplain Use and 
Limitations 

Freshwater Wetlands 
Protection Act Rules 

Protection of threatened 
and endangered 
species 

Endangered Plant 
Species Program 

Soil Erosion and 
Sediment Control 
Standards 

Noise Control 

Citation 
16 USC 469 eL 
seq.; 40 CFR 
6.301(c) 

N. J. A. C. 7:13 

N. J. S.A. 13:9B 
1;N. J.A.C. 
7:7A 

N. J. S. A. 23:2A-
1to-13 

N.J.S.A. 13.1B-
15.151 to-
15.158; N.J.A.C. 
7:5B 
N.J.A.C. 16.25A 

N.J.A.C. 7:29 

Status 
Applicable 

Applicable 

Applicable 

Applicable 

Applicable 

Applicable 

Applicable 

Brief Description 
Establishes procedures to provide for 
preservafion of historical and 
archeological data that might be 
destroyed through alterafion of terrain as a 
result of a federal construcUon project or a 
federally licensed acUvity or program. 

State standards for activifies within 
floodplains 

Establish requirements for the protecUon 
of freshwater weUands. Requires permits 
for construcUon within wetland areas. 

Standards for the protecfion of 
endangered, non-game and exotic wildlife. 

Standards for the protecfion of 
endangered plant species. 

Requires erosion miUgafion during 
construcWon acUvities. 

Limits the noise generated from any 
industrial, commercial, public service or 
community service facility. 

FS Consideration 
Potentially applicable if historical or 
archeological data is encountered during 
remediafion. 

Floodplain use and limitafions must be 
considered during remediafion. 

Potentially applicable for construcUon 
activities performed in the vicinity of a 
weUand or watenway. 

The potential effects of any action will be 
evaluated to ensure that any endangered 
or threatened species would not be 
affected. 

The potential effects of any action will be 
evaluated to ensure that any endangered 
or threatened species would not be 
affected. 
Requires erosion control consideration 
during construcUon activities. 

Limits the noise that can be generated 
during remedial activities. 
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Table 2-3 
Potential Action-Specific ARARs 

0U1 Feasibility Study 
Puchack Well Field Superfund Site 
Pennsauken Township, New Jersey 

Act/Authority Criteria/Issues Citation Status Brief Description FS Consideration 

COMMON TO ALL ALTERNATIVES | 
Federal Resource 
Conservation and 
Recovery Act 

Federal Resource 
Conservation and 
Recovery Act 
Federal Resource 
Conservation and 
Recovery Act 

Federal Occupational 
Safety and Health Act 

Federal Occupational 
Safety and Health Act 

Federal Occupational 
Safety and Health Act 

New Jersey Statutes 
and Rules 

New Jersey Statutes 
and Rules 

IdenUficafion and 
Listing of Hazardous 
Waste 

Standards Applicable to 
Generators of 
Hazardous Waste 
Standards Applicable to 
Owners and Operators 
of Treatment. Storage, 
and Disposal Facilities 

Worker Protection 

Worker Protection 

Worker Protection 

Technical 
Requirements for Site 
Remediation 
Hazardous Waste 
Regulations 

40 CFR 261 

40 CFR 262 

40 CFR 264 

29 CFR 1904 

29 CFR 1910 

29 CFR 1926 

N.J.A.C. 7:26E 

N.J.A.C. 7:26G-
5,-8,-11 

Applicable 

Applicable 

Relevant and 
Appropriate 

Applicable 

Applicable 

Applicable 

Applicable 

Applicable 

Identifies solid wastes which are subject to 
regulation as hazardous wastes. 

Establishes requirements (e.g., EPA ID numbers 
and manifests) for generators of hazardous waste. 

Establishes the minimum national standards which 
define acceptable management of hazardous waste. 

Requirements for recording and reporting 
occupational injuries and Illnesses 

Specifies minimum requirements to maintain worker 
health and safety during hazardous waste 
operations. Includes training requirements and 
construction safety requirements. 
Safety and health regulations for consfi-ucUon. 

Established minimum regulatory requirements for 
investigation and remediation of contaminated sites 
in New Jersey. 
Establish hazardous waste regulations by adopting 
Federal regulations on identification and listing of 
hazardous waste, standards for owner and 
operators of hazardous waste treatment, storage 
and disposal facilities, and land disposal restrictions. 

Generation of hazardous wastes possibly 
includes spent carbon or contaminated soil. 
Hazardous wastes must be handled and 
disposed of in accordance with RCRA. 
Chemical testing and characterization of waste 
is required. 
Standards will be followed if any hazardous 
waste is generated onsite. 

Generation and storage of hazardous waste. 
May not apply to remediation sites if owner 
complies with requirements listed in 264,10). 

Under 40 CFR 300.38, requirements of OSHA 
apply to all activities which fall under jurisdiction 
of the National Contingency Plan. 
Under 40 CFR 300.38, requirements of OSHA 
apply to all activities which fall under jurisdiction 
of the National Contingency Plan. 

Under 40 CFR 300.38, requirements of OSHA 
apply to all acUvities which fall under jurisdiction 
of the National Contingency Plan. 
Operation of any treatment facility must comply 
with the regulation. 

Alternative development must consider the 
regulatory requirements. 
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Tabfe 2-3 
Potential Action-Specific ARARs 

OU1 Feasibility Study 
Puchack Well Field Superfund Site 
Pennsauken Township, New Jersey 

Act/Authority Criteria/Issues Citation Status Brief Description FS Consideration 

OFF-SITE DISPOSAL 1 
Discharge of Treated Groundwater 
Federal Clean Water 
Act 

Federal Clean Water 
Act 

Federal Clean Water 
Act 

Federal Safe Drinking 
Water Act 

New Jersey Statutes 
and Rules 

New Jersey Statues -
and Rules 

National Pollution 
Discharge Elimination 
System (NPDES) 
Effluent Guidelines and 
Standards for the Point 
Source Category 
Ambient Water Quality 
Criteria 

Underground Injection 
Control Program 

New Jersey Pollutant 
Discharge Elimination 
System 
Surface Water Quality 
Criteria 

40 CFR 122 and 
125 

40 CFR 414 

40 CFR 131.36 

40 CFR 144 

N.J.A.C. 7:14A 

N.J.A.C. 7:9B 

Transportation and Disposal of Hazardous Wastes 
Federal Resource 
Conservation and 
Recovery Act 

Federal Resource 
Conservation and 
Recovery Act 

Federal Hazardous 
Material 
Transportation Act 
New Jersey Statutes 
and Rules 

Standards Applicable to 
Transporters of 
Hazardous Waste 

Land Disposal 
Restrictions 

Hazardous Materials 
Transportation 
Regulations 
Transportation of 
Hazardous Materials 

40 CFR 263 

40 CFR 268 

49 CFR 107, 
171, 172, 177 to 
179 
N.J.A.C. 16:49 

Relevant and 
Appropriate 

Relevant and 
Appropriate 

To Be 
Considered 

Applicable 

Applicable 

Applicable 

Applicable 

Applicable 

Applicable 

Applicable 

Issues permits for discharge into navigable waters. 
Establishes criteria and standards for imposing 
treatment requirements on permits. 
Requires speciflc effluent characteristics for 
discharge under NPDES permits. 

Establishes criteria for surface water quality based 
on toxicity to aquatic organisms and human health. 

Establishes performance standards, well 
requirements, and permitting requirements for 
groundwater reinjection wells. 
Establishes standards for discharge of pollutants to 
surface water and groundwater 

Establishes standards for the protection and 
enhancement of surface water resources. 

Establishes standards which apply to persons 
transporting manifested hazardous waste within the 
United States. 

Identifies hazardous wastes which are restricted 
from land disposal. All listed and characteristic 
hazardous waste or soil or debris contaminated by a 
RCRA hazardous waste and removed from a 
CERCLA site may not be land disposed until treated 
as required by LDRs. 
Regulates fi-ansportation of hazardous materials. 

Regulates shipping/transport of hazardous 
materials. 

Treated water will need to consider discharge 
requirements. 

Treated water will need to consider discharge 
requirements. 

May take into consideration when discharging 
treated groundwater to surface water. 

Must comply with requirements for reinjection of 
treated groundwater. 

Disposal of treated groundwater to surface 
water or by reinjection will require a NJPDES 
permit. 
May take into consideration when discharging 
treated groundwater to surface water. 

Transport of waste that is characterized as 
hazardous. 

Waste disposal must comply with LDRs 

Transportation of hazardous wastes must 
comply with the regulation. 

Must comply with requirements for off-site 
transport of hazardous materials. 
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Table 2-3 
Potential Action-Specific ARARs 

OU1 Feasibility Study 
Puchack Well Field Superfund Site 
Pennsauken Township, New Jersey 

Act/Auttiority Criteria/Issues Citation Status Brief Description FS Consideration 

OFF-GAS MANAGEMENT 1 
Federal Clean Air Act 

Federal Clean Air Act 

Federal Clean Air Act 

Federal Directive 

New Jersey Air 
Pollufion Control Act' 

New Jersey Air 
Pollution Control Act 

National Ambient Air 
Quality Standards 

Standards of 
Performance for New 
Stationary Sources 
National Emission 
Standards for 
Hazardous Air 
Pollutants 

Control of Air 
Emissions from 
Superfund Air Strippers 

Permits and Certificates 
for Minor Facilifies 

Ambient Air Quality 
Standards 

40 CFR 50 

40 CFR 60 

40 CFR 61 

OSWER 
Directive 9355.0-
28 

N.J.A.C. 7:27 
Subchapter 8 

N.J.A.C. 7:27 
Subchapter 13 

Applicable 

Applicable 

Applicable 

To Be 
Considered 

Applicable 

Applicable 

The air quality standards for particular matter, lead, 
NO2, SO2, CO, and volatile organic matter are 
specified. 
Provides emissions requirements for new stationary 
sources. 

Provides emission standards for 8 contaminants 
including benzene and vinyl chloride. Identifies 25 
additional contaminants as having serious health 
effects but does not provide emission standards for 
these contaminants. 
Provides guidance on the use of controls for 
Superfund site air strippers as well as other vapor 
extraction techniques In attainment and non-
attainment areas for ozone. 
Describes requirements and procedures for 
obtaining air permits and certificates. 

Rules that govern the emission of and such 
activities that result in the introduction of 
contaminants ipto the ambient afinosphere. 

Need to meet requirements when discharging 
off-gas. 

Need to meet requirements when discharging 
off-gas. 

Need to meet requirements when discharging 
off-gas. 

Applicable to remediation alternatives which 
involve air stripping and vapor extraction 
process. 

Applicable to remediation alternatives which 
involve discharge of vapor. 

Need to meet requirements when discharging 
off-gas. 
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Table 2-4 

Preliminary Remediation Goals (PRGs) for Groundwater 

0U1 Feasibility Study 

Puchack Well Field Superfund Site 

Pennsauken Township, New Jersey 

Contaminant of Potential 
Concern 

Chromium, Total 

1,1-Dichloroethene 
Tetrachloroethene 
Trichloroethene 

Federal Standards 

Drinking Water '^' 

ug/L 

100 

7 
5 
5 

New Jersey State Standards 

Primary 
Drinking 
Water "" 

ug/L 

100 

2 
1 
1 

Groundwater 
Quality 

Standard Class 
IIA 

Groundwater''' 
ug/L 

70'^' 

2(0 

1 
1 

Preliminary 
Remediation 

Goals <-' 

ug/L 

70 

2 

1 
1 

No. of 
Samples 

Exceeding 
PRGs 

2 

7 
6 
12 

Intermediate Sand 

Maximum 
Detected 

Cone. 

ug/L 

6310 

8.8 
12 
140 

No. of 
Samples 

Exceeding 
PRGs 

9 

8 
12 
24 

Lower Aquifer | 

Maximum 
Detected 

Cone. 

ug/L 

4810 

16 
13 

360 

No. of 
Samples 

Exceeding 
PRGs 

9 

6 
11 
29 

Notes: 
(a) National Primary Drinking Water Standards, Maximum Contamination Limits (MCLs) (40 CFR 141). 

(b) New Jersey Safe Drinking Water Act (NJSDWA) Primary Drinking Water Standards (N.J.A.C. 7:10 et seq.) 
(c) New Jersey Groundwater Quality Standards (N.J.A.C. 7:9-6). Table 1 - Specific Groundwater Quality 

Criteria - Class ll-A and Practical Quantitation Levels (PQLs). 
(d) PRGs for groundwater COPCs are the most stringent of the standards. 
(e) New Jersey Ground Water Quality Standards (N.J.A.C. 7:90). Appendix Table 1 - Specific Groundwater Quality Criteria 
(f) CLP Method Detection Limit 
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Table 2-6 
Evaluation of Remedial Technologies and Process Options 

0U1 Feasibility Study 
Puchack Well Field Superfund Site 

Pennsauken Township, New Jersey 

General Rssponsa 
Remadlal Technology Effectiveness Implementability 

In • Silu Treatment 

Geochemicat Fixabon 

I PermeatJle Reactive Banierl 

CoUectiorWEx tra clion H Groundv^Ier Exlj !H: Extraction Wells 

Chemical Reduction and 
Predpilation 

J Elsctrochemicat Precipitation I 

EJI-SIIU Treatment M Physical/Chemical 
Trsatjneni 

Roversa Osmosis 

A reducing agent (e.g . ferrous sulfate or sodium metabisulfite) is injected into 
the contami(\ated groundwater to reduce hexavalent chromium to l/ivaient 
ctuomium wtiich predpilates out of solution and binds to the aquifer sediment 
nuierial. 

A PRB is constnjcted perpendicular to the (low path of a conlaminant plume. 
aDovMng the plume to move through the banier (e.g.. sodium dithionite) wtiich 
converts hexavalent chromium to Sivalenl ctntjmium. Contaminants are 
removed through reaction with the peimeaOla reactive medium. Earners may 
consist of pemianent or replaceatile units anO are typically constnjcted using 
conventional irencfiing lectwiQues. However, bamars can ba placed at 
greater depth using injection methods in which a reactive medium is injected 
directfy into the subsurface. 

Groundwater is extracted from the subsurface using exbaclian wells screened 
in the saturated zone. Extracted groundwater is ^en treated as necessary to 
meet disctiarge requirements. 

Treatment of cfiromrum contamination requires the reduction o( hexavalent 
chromium to the trivalent state. FoDowing reduction. tTivalent cttromium is 
precipitated as a metal hydroxide. 

Electrochemical precipitation uses direct current lo induce an oxidatiorv 
reduction reaction, which reduces Hexavalent cfwomium to trivalent chromium. 
The trivalent chromium is precipitated to (omi sludge that must be tieated and 
disposed offsite. 

Ion exchange is a process in which metal contaminants are removed from 
groundwater thnsugh exchange wilti relatively hamiiess ions in the ion 
exchange resiru. 

Reverse osmosis is a filtration process whereby pressure Is applied to (he 
water to overcome the osmobc pressure and force the water through a 
membrane. The Influent stream is separted into two sb'eams. a dean sffelent 
and a concentrated waste stream. The concentrated waste stream would 
require additional treatment v^lch is typically expensive. 

The iron filtration process consists of a column of zero valent iron filings and a 
sarfd filter in series. Heavy metals induding chromium react with the iron 
filings to form solids. The sand ftlter removes the suspend solids. 

Contaminants are partitianed from the extracted groundwater by increasing 
the surface area of the groundwater in contact virith the air. Aerabon methods 
indude packed lowers, diffused aeration, tray aeration, and spray aeration. 

The effectiveness at this treatment process is proven at other sites. A 
treatability study would be required to evaluate (he effectiveness at this site. 

A bench scale treatabPity study was performed at the site vrfiich determined 
tfiat sodium dilhionile effecbvely reduced hexavalent chroium to bivalent 
chromium. Additional pilot scaie testing would be required to verify the 
effectiveness of the redudog agent 

Groundwater extraction is effective in capturing and containing the 
contaminanl piume. However, the high yielding aquifer would require high 
pumplr^ rates for plume capture, and long pumping duration to acherve 
cleanup goals. This process must be implemented with a groundwater 
Irealrrenl technology. 

Previous pilot study completed at the site has sttown the process to be 
effectiva in treaiing the contaminated groundwater to achieve the discharge 
requirement. Chemical reduction and predpitabon is a proven technology. 

Treatment of hexavalent chromium with electrochemical predpibtion is an 
effective and reliable groundwater remediation technology. This technology 
would achieve the 70 u ^ treatment goal. 

Ion exchange is a proven technology for treating groundwater contaminated 
with hexavalent chromium. Treatment by ion exchange is mora effective lor 
low flow rates and low influent concenfrabons. The high influent 
concentrations and flow rates may make this technology nol cost effective. 
May be used as a polishing step. 

Reverse osmosis is typically effectivo (or removing chromium and othar 
metals from the groundwater sbeam. but would be more effective for use at 
sites with lower flow rates and contamii^ant concentrations. It is expected that 
Oeanup oF groundwater to 70 u g ^ vrauld be achievable for this technology, 
however, would generate large waste sb^am. May be used as a polishing 
step. 

The process has been tested at the bench scale in which hexavalent 
chromium levels were reduced from 10.000 utfL to less than 2 u g t . 

Air stripping is effective in removing VOCs from groundvrater. Off gas may 
require treatment pnor to discharge. Not effective in the treatment of 
chromium 

Injection weU installation and piping could be completed with 
conventional equipment that is readily avaSable in the area. Finding 
space for the injection wsUs and piping might prove to be difficull. No 
administrativa difficullies are antidpated. 

Implementable. OifflculHes are anticipated due to long plume width 
and location in a highly davelopsd area. fJo administrabve difftcutbes 
are antidpaied. 

Implementatila. Extraction welts and piping would be placed in 
township-owned property in avoid access issue difficulties. 

The b^alment process Is lechnicalty implementable. However, finding 
a space for the Ireatment plant could ba difficulL 

The trealmani process is tachrvcaDy implenentaOla. However, finding 
a space for the treabnent plant could be ditficull. 

The treabnent process is technically implementable. However. findir>g 
a space lor the Ireabnenl plant could be difficuli. 

RaverBo osmosis is technically implementable. However, finding a 
space for the treatment plant ctnild be drfficult. 

The process has not been evaluated al the pilot- c 
it is considered an emerging technology. 

implemenlaDle. Minor administrativQ difficulties anticipated lor 
implementation of air stripping system. May require permit for 
discharge of VOCs to the atmosphere. Aliamabvely, oH-gas may 
requira trealmeni (i.e.. vapor phase carbon) phor to disctiarge. 

Moderate, but (ess expensive than pump 

Moderate, but less expensive than pump 

High. Would only be cost effective If 
used as a polishing step. 

High. Would only be cost affective if 
used as a poiishtng step. 
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Table 2-5 
Identification and Screening of Remedial Technologies and Process Options 

0U1 Feasibility Study 
Puchack Well Field Superfund Site 

Pennsauken Township, New Jersey 

Remedial 
Technology 

Process Option 

Compounds (e.g. air. hydragen peroxide, magnesium peroxide) are injected 
below Ihe groundwater table to increase the dissolved oxygen concentration, 
thereby enhancing the rate of aerobic biological degradebon of contaminants 
by naturally occuring microbes. 

Water containing dissolved primary suttstiate and oxygen are injected into 
contaminated groundwater to enhance biological degradation of the 
contaminants: as the primary substrata undergoes biodegradation, the 
contaminants are oxidized as well. 

SotubiTized nitrate is drcutaled tfuoughoul groundwater contamination zones 
to provide electron acceptors for biological activity, thereby enhandng the rata 
of aerobic biodegradation of contaminants by naturally occuring microbes. 

Phytoremediabon uses plants and ttieir associated rhizospheric 
mtCTDorganisms to remove and/or degrade contaminants In grourulwatar. 
Contamirtants are removed thnaugn: capture of groundwater, uptake ol 
contamir\3nts and accumulation or processing of contaminants via 
metabofization. mirferalizalion. arrd transpiration; and ihizospheric degradation 
via microorganisms. 

A redudng agent {eg,, ferrous sulfate or sodium metabisutnte) is injected into 
the contaminated groundwater lo reduce hexavalent chromium to bivalent 
chromium which predpilates out of solution and tiinds to the aquifer sediment 
material. 

A PR8 is constructed perpendicular to the flow path of a contaminanl plume, 
allowing the plume to move through the barrier (e.g.. sodium dithionite) which 
convert hexavalent chromium to trivalent chromium. Con(3mir\ant5 are 
removed throui^ reaction with the permeable reactive medium. Bamers may 
consist of permanent or replaceablo units and are typically constructed using 
conventional trancTiing techniques. However, barriers can I M placed at 
greater depth using injection methods in wtuch a reactive medium is injected 
directty into the subsurface. 

Air is injected into the saturated matrix to stiip the contaminants from the 
groundwater via votatiBzabon. The contaminant-containing air is removed 
from the subsurface using an SVE system and beated above grourtd. 

Ozone is injected into the subsurface via injection wells to oxidize 
contaminants. 

A mixture of hydrogen peroxide and an iron catalyst are injected into the 
saturated mablx. Free radicals are formed by Interaction of Ihe hydrogen 
peroxide with Ihe iron catalyst The free radicals oxidize the contaminants to 
end products. Reagents can be injecled under pressure or dispersed via 
diffusion, 

A potassium permanganate (KMnO,) solution is Injected into the subsurface 
via injection welts. Contaminants are das^yed upon reaction with Ihe 
KMnO,. 

Fracbjre enhancement is used to increase permeability in low permeability 
consolidated and uncoruolidated material with hydraulic fracturing, pneumatic 
fracturing, or blasbng. During hydraulic fracturing, a sluny of water, sand, and 
a thick gel is pumped at high pressure into the borehole lo propagate Ihe 
fracture and create a sand-lined lens. Pneunnatic fracturing involves injection 
of air at a high pressure and How rata lo creata fractures. 

Screening Comments 

Oxygen ennarx:ement is not effectiva in treating cfvomuim. 

Co-metabolic processes are nol effective in treating chromuim. 

This technology is not effective in treating chromium. 

Phytoramediation has nol been shown to effectively treat chromium. T>ie 
process is not effective in areas with depth to groundwater is greater than 10 
(eel bgs: depth lo groundwater at the site is greater than 10 leet sgs. 

In situ geochemicat fixation is an efactive tectirralogy to beat chromium 
contaminated groundwater. 

Air sparging with SVE is nol effective in treating chrorruum. 

Oxidation using ozone is nol effective in treating chromium. 

Oxidation using Fenton's reagent Is nol affective in beating chromium. 

Fracture enhancement is not applicable lo site conditions which exhibit highly 
permeable saturated zones. 
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Table 2-5 
Identification and Screening of Remedial Technologies and Process Options 

OU1 Feasibility Study 
Puchack Well Field Superfund Site 
Pennsauken Township, New Jersey 

General Response 
Action 

Remedial 
Technology 

Process Option Description Screening Comments 

Extraction Wells 

Collection/Extraction 

H 
Groundwater Extraction I 

Ex-Situ Treabnent 

Physical/Chemical 
Treatment 

Chemical Reduction and 
Predpibbon 

Reverse Osmosis 

j Electrochemical Predpitabon 

Iron Fittrati*an Process 

-i 

Grouridwaier is extracted from the subsurface using extracbon weQs screened 
in the saturated zorie. Extracted groundvrater is Oien treated as necessary to 
meet disctiarge requirements. 

A trench is constiucted perpendicular to the direction of groundwater flow to 
intercept and prevent downgradient migration ol a contaminant plume. 
Extraction wells or piping are typically installed within the irench to extract Ihe 
intercepted groundwater. Extracted groundwater is then treated as necessary 
to maet discharge requirements. 

Conaminaled grounilwateT is placnt) in conlacl with microorganisms in 
attached or suspended ^owth bio<ogical systems. In suspended growth 
systems, contaminated groundwater is drculated in an aerabon basin where a 
micrabial population degrades Ihe contaminants. In attached growth systems. 
micrtiorganisms are established on a fixed surface and degrade the 
contaminants as the groundwater passes over the surface. 

Conversion of hexavalent chromium to the bivalent state, with subsequent 
clarification and filtrabon. Treatment of chromium contaminatio requires the 
reduction of hexavalent chromium to the trivalent state. Following reduction, 
tnvalent chromium is predpitated as a metal hydroxide. 

Ion exchange is a process in wtiich metal contan^nants are removed from 
grounOwaler through excfianga with relatively harmless ions in the ion 
eictiange resiru. 

Reverse osmosis is a fBtration process whereby pressure is applied to the 
water to overcome the osmotic pressure and lorca the water ttirough a 
membrane. The influent sD^am is separated into two sb'eams. a daan 
affluent and a concentrated waste stream. T^e concentrated waste stream 
would require additiorial treabnent wtiich is typicaUy expensive. 

Electiochemical predpilation uses direct ojrrent to induce an oxidation-
reduction reaction, which reduces hexavalent chromium to trtvalenl ctiromium. 
The trivalent chrontium is precipitated lo form sludge tftat must be ti%ated and 
disposed oFfsits. 

The iron nitration process consists of a column o l zero valent imn filings and a 
sand filler in series. Heavy metals including chromium react with the non 
filings lo form solids. The sand filter removes me suspend solids. 

Contaminants are partitioned from the extracted groundvrator by incraasing 
ttie suriacQ area o( tt% groundwater in contact with tt\e air. Aeration metfiods 
indude packed lowers, diffused aeration, tray aerabon. and spray aeration. 

Liquid pfiase carbon may be used to b^at groundwater, vapor phase carbon 
may be used to beat otf-gas. Contaminants are adsorbed on lo activated 
cart>on by passing the extracted groundvraler or aff-gas through a series of 
reactor vessels containing activated cadjon. Spent caition must be 
reactivated or replaced periodically. 

Contaminaied groundwater is transferred to a reactor where it is comljined 
wiUi ozone and/or hydrogen peroxide and irradiated with UV lighL 
Contaminants are destrayed as a result of the synergistic action of the oxidant 
wibi the UV light. System may require off-gas bealment to dcs&oy unreactod 
ozone, if used, and volatilized contaminants. 

Groundwater extraction is effective in removing contaminated groundwater 
from the impacted aquifer. So[t)ed contaminants may result in long pumping 
time required for deanup. This process must be Implemented with a 
groundvrater bBatment tedinology. 

Interceptor trenches are typically installed in pooriy recharging shallow aquifer 
zones. Therefore, they are nol applicable to this site. 

Bioreactors are used primarily lo treat non-chlorinated VOCs and SVOCs. 
and are not effectiva for treaiing chromium. 

Chemical reduction and predpttation is effective for removing chrornium from 
groundwrater prior to discharge. 

Ipn exchange is a proven tectviology for treatment ol groundwater 
contaminaied with chromium. Treatment by ion exchange is mors effective 
for low flow rates and low influent concentrations, nicking it mora expensive 
for tfiis site. 

Reverse osmosis is typicaUy effective for removing ctiromium and other 
msiats from the grounOwatar sbeam. but would be moco ellacbve for use at 
sites with lower flow rates and contaminant cortcentrations. II is expected that 
deanup oj groundwater \a AOO ugfl. would be achievable lc« Ifus technology. 

Treatment of chromiiim with electrochemical predpitabon is an effective and 
reliable groundwater remediation lechnology. This technology would achieve 
the 100 ug/L treatment goal. 

The process has been tested at ttte t>ench scale in wfiich chromium levels 
wars reduced from 10.000 ug/L to less than 2 ug/L. 

Air stnpping is effective in removing VOCs from groundwater. Off gas may 
require Veatmenl prior to discharge. Not eHectiva in tieating chromium. 

C^rtion adsorption is effective in removing VOCs, but nol applicable to high 
flow rates anbdpated at the site. Nol effective in treabng chromium. 

UV oxidation is not effective in treating chromium. 
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Table 2-5 
Identification and Screening of Remedial Technologies and Process Options 

0U1 Feasibility Study 
Puchacl( Well Field Superfund Site 

Pennsauken Township, New Jersey 

General Response 
Action 

Disposal/Discharge 1 

p 

""-

Remedial 
Technology 

On-Sile Disposal 

Off-Site Disposal 

h 
-{ 

r 

-1 

Process Option 

Injection WeUs 

Recharge Fadlities 

^ ^ ^ ^ ^ ^ 

Surface Water Discharge 

PubBc Water System 
Oischatge 

Description 

TrsalEd groundwater is discharged on ale to ihe suBsurlaca through a series 
of injection wells. 

Treated grourulwater is disposed on site via a subsurface discharge system 
consisting ol excavated trenches backfilled wilh dram rock (gravel) and 
perforated piping . 

sanitary sewer. 

Treated groundv^ter is disct^ar^ed via a storm sew«r to a surface watet tjoQy 
located off-site. 

• 

Screening Comments 

Groundwater must be b«alad to meet disctiarge requirements. Efiecbveness 
of reinjection is expected to be good due lo physical properties of the 
subsurface (e.g.. high hydraulic conductivity and aquifer capadly). 

Groundwater musi be treated to meet discharge requirements. Effectiveness 
of infiltration is expected to be good due to physical properties of the 
subsurface {e.g., high hydraulic conductivity and aquifer capadCy). 

Extfacted groundwater must be treated lo meet POTW inHuenl crilaria prior to 
disposal. Discharge volume is limited by capadty of existing conveyance and 
tieatment systems Therefore this technology is not an effective option. 

Disct^arge to an otl-sitB surface walai body requires thai the exbactad 
groundwater be boated to applicable standanls and meat NJDPES 
requirements. Discharge volume may be somewtxat Emited by capacity of 
cortveyance system (storm sewer). 

WiU provide adaitio»\al capadty to Die drinking water supply. Potential for 
concern over untreated chromium contaminated water r?a<^g potable water 

R e t a i n e d 

Yes 

Yes 

No 

Yes 

Yes 

Technology eliminated from furOier evaluation. 
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Table 2-6 
Evaluation of Remedial Technologies and Process Options 

0U1 Feasibility Study 
Puchack Well Field Superfund Site 
Pennsauken Township, New Jersey 

Remedial Technology Process Option Implementability 

y-L y ^ 

Institutional Controls 

^
Classification Exemption 

Area (CEA) 

Long-term Monitoring 

Monitored Natural 
Attenuation }-^: 

K: 

M: 
Grout Curtain Barrier 

No remedial actions aro implemented. 

Deed restiictions are regulatory actions that prevent certain uses of the site 
where exposure to groundwater represents unacceptable human health risks. 

The CEA is defined as ttia area of the aquifer that is cuirentty and is 
arttidpated lo be impacted above tha applicable gn^undvi^ter quality standard. 
The CEA remains in effect until the contaminant concentrations have 
decreased to tha applicable groundwater quality standards. 

Periodic sampling and analysis of groundwater. 

Natural subsurface processes {e.g., dilution, votatifizabon. biodagradation, 
adsorption, and reaction with subsurface materials) reduce contaminanl 
concenbabons to acceptable levels. Concwitrations of hexavalent and 
tftvaJent chromium and indicator parameters (e.g.. oxidatiorVreduction 
polenbal) are monitored to verity effectiveness of nahjral attenuation. 

A slurry wan is a subsurface barrier consisting of a vertically excavated trench 
filled with a slurry. The slurry (typically either a soil/bentonite/water mixture or 
a cement/bentonite/water mixture) shores the bBnch to prevent collapse and 
provides a physical bairisr lo groundwater flow. 

Synthetic membrane barriers consist of intetlodung sheets of geomembrane 
placed vertically In the ground to form a barrier waU. Tha barrier can bs 
constructed by placing the geomembrane In an excavaiad tiench or by.using 
vibratory metiiods without trench construction. 

A grout curtain is a solid, low-permeabity subsurface vertical barrier formed 
by injecting grout (Portland cement or sodium silicate) through weN poinb. 

' Sheet pile barriers are interlocking sheets of steel sheet piling placed 
vertically in the ground lo form a barrier wait. TTie barrier can be constructed 
by placing the sheal piling in an excavated b'ench oi by driving or vibrating 
sections of sheet piBng Into the ground. 

Does not meet remedial action objectives. No Action allemative retained as 
baseline lor comparison with other alternatives as required by the NCP. 

Deed resbiclions may be effective in redtrCJng 
risk. Deed restrictions wfli nol reduce risk tc 

r eiiminaling human healtii 

Effective in protection of human heallh by preventing Ihe installation ol 
pumping wells in the affected area. 

Effective in backing the movement of contamination or progress of 
r^Dediation. Does not reduce contaminant concentrations. 

EffectivB remediation approach thai utilizes natural mechanisms to control 
plume migration. Natural reducting agents are present outside Ihe plume area 
to reduce hexavalanl chromium lo bivalent chromium. Monitonng would be 
performed to demonstrate that MNA meets remedial action objectives. 

Win not meet PRGs if implemented alone. Barrier is effective in containing 
contaminaied groundwater in relatively small areas, diverting the contaminanl 
plume to a treatiment system, or diverting uncontamir^ated groundwater 
around a contaminant source. Contaminanl concentiations are not reduced. 

Win not meel PRGs if implemented alone. Barrier is effective in containing 
contaminated groundivaler in relatively smaD areas, diverting the contaminant 
plums to a treatment system, or drverting uncontaminated groundwater 
around a contaminanl source. Contaminant concentiations ara not reduced. 

Will nol meet PRGs if implementad alone. Banier is effective in containing 
coriiaminatad groundwater in relatively smalt areas, diverting the contaminanl 
plume to a b^atmenl system, or diverting uncontaminated groundwater 
around a contaminanl source. Coniamlnanl concentrations are nol reduced. 

Wi l nol meel PRGs if implemented akine. Sarher is effective in containing 
contaminated grountlwater in relatively small areas, diverting Ihe contarrrinant 
plume to a treatment system, or diverting uncontaminated groundwater 
around a contaminant source. Contantinant concentrations are not reduced. 

Implementable. No sign!ficanI administrative difficulties anbdpated. 

Implementable. May be difficult to enforce deed restrictions on a long-
term basis. CEA could actiieve same results with less adminisb^bve 
difficulty. 

impiementaaie. The CEA is issued by th« sQta. May &e difficull \o 
enforce on a loig-terTn basis. 

Highly implementable. All monitoring wells are easily accessible for 
sample collection. Will require access agreement with property 

Nol implementablft. Slurry walls are keyed into a low pemiaability 
layer and placed at depth of up lo 100 feel bgs- However, 
contaminants are present in the Inlemiediala Sand at 130 to 150 ft 
bgs, and Lower aquifer al 160 lo ZSO ft bgs. No administiative 
difficulties anticipated for slurry waU construction. 

Not implementable. Synthetic membrane barriers ara typically keyed 
into a kiw permeability layer and placed al depm of 30 lo 40 feel bgs. 
However, contaminants are present in the Intermediate Sand al 130 
to 150 ft bgs. and Lower aquifer al 160 to 250 ft bgs. No 
admlnisb^tiva difficulties anbdpated for synthetic memtvane Samer 
constiuction. 

Implamenlable. Gn}ut curtains are not subject to tiie depth Timilations 
of other vertical baniers considered. However, il may be difficult to 
verify whether or nol a conbnuous bamer fias been formed. No 
administrative difficulties antidpated for the grout curtain tiamer. 

Not implementable. Sheet pile waRs are typically keyed into a low 
permeability layer and ptacad al depth ol 75 leel bgs. However, 
contaminants are present in the Intermediate Sai>d al 130 to 150 ft 
bgs, and Lovrer aquifer al i60 to 350 ft bgs. No administiative 
difficulties antidpated for sheet pHe barrier construcbon. 

No cost for this re pons e action. 

Low. some long-term costs for periodic 
reassessment. 

Low to Moderate 

Moderately impiamentable. Administrative feasibffity would be difficult Low, 
due lo need lo demonstrate natural attenuation processes are 
protecflvB of downgradint waits. 

Moderate. Soil/Senioniia: SlO per square 
toot (cross-section). 
CemenCBentonila: S20 per square toot 
(cross-section). 

Moderate. 5tS to S20 per square fool 
(cross-section). 

High. SIS to S100 par square foot (cross 
section). 

Moderate. St5 to S30 per scniara foot. 
(Cross-section) 
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Table 2-6 
Evaluation of Remedial Technologies and Process Options 

OUl Feasibility Study 
Puchack Well Field Superfund Site 
Pennsauken Township, New Jersey 

Ganeral Response 
Remedial Technology EFfecUvaness Implementability 

In • Sitij Treatment 

H 

Geocnemlcal Fixation 

I Permeable Reactive Barrier j 

Coll ection/Extra ction 

H 
Groundwater Ex ba ction 

Ex-Silu Treatinenl 

H 

Chemical Reduction and 
Precipitation 

J Electrochemical Precipitation I 

Reverse Osmosis 

A redudng agent (e.g., ferrous sulfate or sodium metabisulfite) Is injected into 
the contaminated groundwater to reduce hexavalent chromium to bivalent 
ctiromium which predpilates out of soluDon and binds to Bie aquifer sediment 
material. 

A PRB is constructed perpendicular to the flow path of a contaminant plume, 
allowing tiie plume to move through the banier (e.g.. sodium dithionile) which 
converts hexavalent chromium lo bivalent chromium. Contaminants are 
removed through reaction with the permeable reactive medium. Barriers may 
consist of permanent or replaceable units and are typically cbnsbucted using 
conventional benching techniques. However, barriers can ba placed at 
greater depth using injection metiiods in which a reactive medium is injected 
directty into Ihe subsurface. 

Groundwater is extracted from the subsurface using exbaction wells screened 
in the saturated zone. Extiacted groundwater is then ffealed as necessary to 
meel disctiarge requirements. 

Treatment of chromium contamination requires the reduction of hexavalent 
chromium lo the bivalent state. Following reduction, tiivalent chromium is 
predpitated as a metal hydroxide. 

Electrochemical predpilation uses direct cunanl lo induca an oxidation-
reduction reaction, wtiich reduces hexavalent ctiromium lo bivalerit chromium. 
The bivalent ctiromium is predpitated to form sludge that must be treated and 
disposed offsite. 

Ion exctiange is a process in wfuch metal contaminants are removed fro 
groundwater I h rou^ exchange with relatively harmless ions in the ion 
exctiange resins. 

Reverse osmosis is a filtration process whereby pressure is applied to the 
water to overcome Ihe osmotic pressure and force the water through a 
membrane. The inflijenl stream is sepaitedinlo two streams, a clean efletent 
and a concentiated waste stream. The concentrated waste sb-aam would 
require additional beati:nent which is typically expensive. 

The Iron fitbation process consists of a column of zero valent iron filings and a 
sand filler in series. Heavy metals including ctiromium react wibi Iha iron 
filings to form solids. The sand filter removes <he suspend solids. 

Contaminants are partitioned from the extracted groundwater by increasing 
tha surface area of the groundwater in contact with the air. Aeration methods 
incfuda packed towers, diffused aeration, tray aerabon, and spray i 

The effectiveness of this beatmenl process is proven at other sites. A 
treatability study would be required to evaluate the effectiveness at this site. 

A bench scale treatability s&jdy was performed al the site wtiich delerrrvned 
tttal sodium dilhionile effactivety reduced hexavalent ctiroium to bivalent 
chromium. Additional pUot scale testing would be required to verify the 
effectiveness of the reducing agent. 

Groundwater extraction is effective in capturing and conQining the 
contaminant plume. However, tha high yielding aquifer vrtwld require high 
pumping rates for plume capbjre. and long pumping duration to acheive 
deanup goals. This process must be Implemented wilh a groundwater 
bealment technology. 

Previous pitol study completed al bie site has shown tha process to be 
effectiva in beating the contaminated groundwater lo achieve the discharge 
requirement. Chemical reduction and predpitabon is a proven lechnology. 

Treatment of hexavalent chromium with electrochemical predpilation is an 
effectiva and reliable sroundwater remediation tectuidogy. This tectinology 
would achieve tiie lOO ugn. treatment goal. 

Ion exchange is a proven technology for beating grounttwatsr contaminaied 
with hexavalent ctiroriiium. Treatment by ion exchange is more effective lor 
low flow rates and low influent concenbations. The high infhienl 
concenbaboni and flow rales may make ttiis technology not cosi effective. 
May be used as a polishing step. 

Reverse osmosis is typically effective for removing chromium and other 
metals from the groundwater sti'eam, but would be more effective for use al 
sites with lower flow rates and contaminant concenbations. It is expected that 
deanup of groundwater lo 100 u g t would be achievable for this technology, 
however, would generate large vraste sti'eam. May be used as a polishing 
step. 

The process lias been tested at the bench scale in which hexavalent 
chromium levels were reduced from 10.000 ug/L to lass than 2 ugfL. 

Air stripping is effective in removing VOCs from groundwater. Off gas may 
requira treatment prior lo disctiarge, Nol effective in the traabnenl of 
ctiromium. 

Injection well installation and piping could be completed with 
conventional eqt»pmenl Itiat is readily available in the area. Firvding 
space tor tha injection wells and piping might prove to be difflculL No 
adminisbabva difficulties are antidpated.' 

Implementable. Difficulties are antidpaied due to long plume width 
and location in a higlily devekiped area. No administrativa difftcultie: 
are antidpated. 

Implementable. Exbaction wells and piping would be placed i 
township-owned property in avoid access issue difficulties. 

The ti^abnenl process is technicalty implementable. Howaver. finding 
a space for the ti'eabnent plant could t)e difficult 

The tieatment process is toctinicalty implarrenOWe. However, finding 
a space for ihe treatment plant could be diff>ailL 

The b^atinenl process is technically implementable. However, finding 
a space for tiie treabnent plant could be difficulL 

High. Would only be cost effectiva it 
used as a polishing step. 

Reverse osmosis is technically implementable. However, finding a 
space for the treabnenl plant could be difliculL 

The process has not been evaluated al tha pikii- or fuD-scala level, so 
it is considered an Bmerging technology. 

Implemenable. Minor administrative d-'fTiculties anticipated 
implementation of air sbipping system. May require permit for 
disctiarge of VOCs to the abnosphere. Allemattvely, off-gas may 
require treabnent (i.e.. vapor ptiase carbon) prior lo disctiarge. 

High. Would only be cost effective if 
used as a polishing step. 
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Table 2-6 
Evaluation of Remedial Technologies and Process Options 

0U1 Feasibility Study 
Puchack Well Field Superfund Site 
Pennsauken Township, New Jersey 

General Response 
Action 

Disposal/Discfiarge 1 

. 

Remedial Technology 

On-Sile Disposal 

Off-Site Disposal | 

4 

Process Option 

injection Wells 

Recharge Fadlities j 

Surface Water Discharge 

^ ^ ^ ^ ^ ^ 

Description 

Treated groundwater is discharged on sile lo Ihe subsurface through a series 
of injection wetts. 

Treated groundwater is disposed on site via a subsurface discharge system 
consisting of excavated trenches backfilled witti drain rock (gravel) and 
perforated piping. 

Treated groundwater is discharged via a storm sewer lo a surface water body 
located oft-sile. 

Treated water is delivered directty lo Ihe local drinking water supply. 

Effectiveness 

and suitable for reinjection. 

Groundwater must be treated to meel discharge requirements. Effectiveness 
of infiltiation is dependent on physical properties of tha subsurface (e.g., 
hydraulic conductivitjr and aquifer capadty). Formation is highly permeabla. 
however lass pemieable lenses may be presenl 30 ff bgs. Therefore, the site 

groundwater be treated to applicable standards and meel NJDPES 
requirements. Discharge volume may be limited by capadly of existing sharm 
sewer lines. 

Discharge of treated vrater lo pubtic water supply system requires thai the 
extracted groundwater ba treated lo drinking water standards. The addition of 
beated drinking water vrould increase the capaaty of the existing drinking 
water system, ivtiich is nol abundant 

Implementability 

ffounOwaier fe^ection; discharge permil may be required lor 
injection lo Ihe subsur^ce. 

Implemontable. Minor adminisbabve ditficutties antidpated for 
groundwater infilbation; discharge permit may be required for 
infilbabon to the sutisurfaca. 

pemiii would be required. 

A point souroe discharge pemiil would be necessary. PubBc agendes 
and users are not receptive to this option 

Cost 

High. 

High 

Low. 

Low. 

Retained 

Yes 

Yes 

Yes 

No 

t ^ ^ f e j p g g g i g ) ^ : ^ ' ^ ^ : Technology eliminated from further evaluation. 

COM 
Table 2-5 &2.6 

400114 



/ 

u 

Bection 
Three 

CD 
ro 

O 

<J3 

400115 



Section 3 
Development and Screening of Remedial 
Action Alternatives 

In Section 2, potentially applicable general response actions and related technologies 
and process options were identified and a preliminary screening was performed. In 
this section, those technologies and process options retained after the preliminary 
screening are combined to form remedial action alternatives. Assumptions used in 
developing the remedial action alternatives are discussed in Section 3.1. The remedial 
action alternatives developed for the site groundwater are described briefly in Section 
3.2. 

3.1 Development of Remedial Action Alternatives 
In this section, remedial alternatives developed for treating contaminated 
groundwater at the Site are described briefly. Alternatives were developed using 
remedial technologies and process options retained in the screening process presented 
in Section 2. The technologies and process options include: 

• No action (retained for comparison only) 
• Institutional contiols, including CEA, extiaction well restrictions and long-

term monitoring 
• Monitored natural attenuation 
• Grout curtain (retained only in combination with in situ tieatn\ent, if deemed 

. necessary by groundwater modeling) 
• In situ tieatment, including: 

•• Permeable reactive barriers 
•• Geochemical fixation 

• Groundwater extiaction using groundwater extiaction scenario EX-I 
• Ex situ tieatment, including: 

•• Chemical reduction and precipitation 
• Electiochemical precipitation 
•• Ion exchange (as secondary tieatment) 
• Reverse osmosis (as secondary treatment) 
>• Air stiipping (for tieatment of VOCs only) 

• Disposal (retained only in combination with groundwater extiaction and 
tieatment), including: 
• Injection wells 
•• Recharge facilities 
•• Surface water discharge, as necessary 

In developing remedial alternatives for the groundwater at the Site, representative 
process options were selected from some groups of remedial technologies, as 
appropriate. For example, chemical reduction and precipitation was selected in place 
of electiochemical precipitation as the representative ex situ tieatment process because 
it is an effective and technically feasible tieatment option. However, electiochemical 
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Section 3 
Development and Screening of Remedial Action Alternatives 

precipitation may still be applicable and should be considered during the remedial 
design. 

Assumptions used to develop remedial alternatives for the Site are: 

• In situ tieatment using permeable reactive barriers would use sodium 
dithionite as a reducing agent. 

• In situ geochemical fixation would use sodium metabisulfite as a reducing 
agent. 

• The ex situ remediation alternative would implement groundwater extiaction 
scenario EX-I. 

• The ex situ tieatment tiain would include chemical reduction and precipitation 
using ferrous iron as a reducing agent, and air stiipping. 

• Treated groundwater would be re-injected through injection wells. Any excess 
groundwater would be discharged to off-site surface water. 

• All remedial alternatives, except the No Action alternative, include 
institutional contiols during remediation. 

3.2 Descr ip t ion of Remedia l Act ion Al terna t ives 
3.2.1 Alternative 1 - No Action 
The No Action alternative was retained for comparison purposes as required by the 
NCP. No remedial actions would be implemented as part of the No Action 
alternative. This alternative does not include institutional contiols. 

3.2.2 Alternative 2 - MNA/In Situ Treatment (Contingency 
Remedy)/Institutional Controls 

In this alternative, hexavalent chromium would be allowed to be reduced to tiivalent 
chromium by the natural reducing capacity of the aquifer sediment. Groundwater 
would be sampled to monitor the grotmdwater contaminant concentiations and 
hexavalent chromium reduction over time. Additional monitoring wells may be 
installed, as necessary, to allow for comprehensive monitoring of the contamination. 

A compliance zone would be designated to monitor the plume movement. 
Groundwater monitoring would be performed to monitor changes in contaminant 
concentiations and distiibution over time within the compliance zone. If monitoring 
indicates that a certain portion of the plume has migrated past the compliance zone, 
an in situ tieatment zone would be installed upgradient of the compliance zone, either 
within or downgradient of the plume area that passes the compliance zone, in either 
or both the Intermediate Sand and Lower aquifer. Groundwater modeling would be 
performed to determine whether a grout curtain would be necessary to direct the 
groundwater towards the tieatment zone. Depending on the in situ tieatment 
approach, either PRB using a reducing agent such as sodium dithionite (Sub-
alternative 2A), or geochemical fixation using a reducing agent such as sodium 
metabisulfite (Sub-alternative 2B) would be selected. Institutional contiols such as 
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Section 3 
Development and Screening of Remedial Action Alternatives 

CEA and prohibition to new well installation would be implemented to prevent 
exposure to contaminated groundwater. 

3.2.3 Alternative 3 - In Situ TreatmenVMNA/Institutional 
Controls 

In this alternative, an in situ tieatment zone would be installed in selected areas either 
downgradient of or within the plume area to reduce hexavalent chromium to tiivalent 
chromium in the Middle Aquifer, Intermediate Sand and Lower aquifer. Depending 
on the in situ tieatment approach either PRB using a reducing agent such as sodium 
dithionite (Sub-alternative 3A), or geochemical fixation using a reducing agent such as 
sodium metabisuLfite (Sub-alternative 3B and 3C) would be selected. Sub-alternatives 
3A and 3B would target the chromium plume greater than 1,000 M-g/L, while Sub-
alternative 3C would treat the entire plume above the 70 jig/L chromium PRG. The 
target value of 1,000 ug/L was selected because it is sufficiently higher than the PRG 
and, yet, about half the plume exceeds this value. This target value will allow for 
roughly half the plume to be tieated in situ, to 1,000 ug/L, and the remainder to be 
tieated via MNA to the PRG of 70 ug/L. Groundwater modeling would be performed 
to determine whether a grout curtain would be necessary to direct the groundwater 
towards the tieatment zone. In areas that do not have an tn situ tieatment zone, 
hexavalent chromium would be allowed to be reduced to trivalent chromium by the 
natural reducing capacity of the aquifer sediment. Groundwater monitoring would be 
performed to determine if a tieatment zone is required. Institutional contiols would 
be implemented to prevent exposure to contaminated groundwater. 

3.2.4 Alternative 4 - Groundwater Extraction/Treatmen^Off-Site 
Disposal/Long-Term Groundwater Monitoring^ 
Institutional Controls 

In this alternative, contaminated groundwater would be extiacted and tieated ex situ. 
Groundwater extiaction would be implemented using groundwater extiaction 
scenario EX-I (Appendix B). Treatment of extiacted groundwater would include 
inorganic removal using chemical reduction and precipitation using a reducing agent 
such as ferrous iron, and VOC removal using air stiipping. Treated water would be 
re-injected or recharged back into the ground. Any excess groundwater would be 
discharged to off-site surface water. Groundwater monitoring would be performed to 
evaluate changes in contaminant concentiations and distiibutions over time. 
Institutional contiols would be implemented to prevent exposure to contaminated 
groundwater during remediation. 

3.3 Screening of Remedial Alternatives 
Since only a limited number of remedial alternatives were developed, all alternatives 
will be carried forward for detailed analysis. Screening of remedial alternatives will 
not be performed. 
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Section 4 
Detailed Analysis of Remedial Action 
Alternatives 
In this section, detailed analysis is provided for those alternatives that were developed 
in Section 3, work quantities and the duration of work are estimated, components of 
the alternatives listed in the previous section are broken down, and specific work 
items associated with these components are defined in greater details. 

In Section 4.1, the nine criteria used in the detailed analysis of alternatives are defined. 
The detailed analysis of the alternatives is presented in Section 4.2. A comparison of 
the alternatives is presented in Section 4.3. 

4.1 Introduction 
The detailed analysis of each alternative consists of an evaluation against the 
following nine criteria specified in the EPA RI/FS Guidance Document (EPA 1988): 

Threshold Criteria: 

Threshold criteria are requirements that must be met in order for alternatives to be 
eligible for selection. 

• Overall protection of human health and the environment 
• Compliance with ARARs 

Balancing Criteria: 

Balancing criteria are used to assess the relative effectiveness of alternatives based 
upon their stiehgths and weaknesses. 

Long-term effectiveness and permanence 
Reduction of toxicity, mobility or volume through tieatment 
Short-term effectiveness 
Implementability 
Cost 

Modifying Criteria: 

Two additional criteria, designated as "modifying criteria," are also specified for 
assessment after the public comment period. These are: 

• State acceptance 
• Community acceptance 

In this FS, alternatives are evaluated with respect to the first seven criteria listed 
above. NJDEP comments on the Draft FS have been incorporated into this Final FS 
report. The community acceptance criterion will be evaluated after the public 

CDM 
Final Groundwater Feasibility Study Report 

400120 

4-1 



Section 4 
Detailed Analysis of Remedial Action Alternatives 

corrunent period. A further definition of these criteria is presented in the following 
paragraphs; the definitions presented herein are taken from the EPA RI/FS Guidance 
Document (EPA 1988). 

4.1.1 Overall Protection of Human Health and the Environment 
This criterion provides a final evaluation of each alternative to assess whether it 
achieves adequate protection of human health and the environment. This overall 
assessment is based on other evaluation criteria, especially long term effectiveness and 
pernranence, short-term effectiveness, and compliance with ARARs. 

Evaluation of alternatives against this criterion focuses on whether an alternative 
achieves adequate protectiveness and describes how risks through each pathway are 
eliminated, reduced, or contiolled through tieatment, engineering, or institutional 
contiols. This criterion considers any unacceptable short-term or synergistic (e.g., 
cross-media) effects posed by an alternative. 

4.1.2 Compliance with ARARs 
This criterion is used to evaluate whether each alternative will meet the ARARs, 
identified in Section 2 of this FS. The detailed evaluation considers which ARARs are 
applicable to each of the specific ailternatives, and describes how the alternative nieets 
the ARARs. These include chemical-specific, location-specific, and action-specific 
ARARs. The final determination of applicable ARARs is made by the lead agency. 

4.1.3 Long-Term Effectiveness and Permanence 
This criterion evaluates the results of a remedial alternative subsequent to its 
implementation in terms of the risk remairung at the Site. The two main components 
of this are: (a) magnitude of residual risk from untieated waste or tieatment residuals; 
and (b) adequacy and reliability of contiols, if any, used to manage untieated wastes 
or tieatment residuals. 

4.1.4 Reduction of Toxicity, Mobility or Volume through 
Treatment 

This criterion addresses the EPA policy preference for remedial alternatives which 
utilize technologies that permanently and significantly reduce the TMV of hazardous 
substances as their principal element. This preference is satisfied when tieatment is 
used to reduce the principal threats at a site through destiuction of toxic 
contaminants, reduction of the total mass of toxic contaminants, irreversible reduction 
in contaminant mobility, or reduction of total volume of contaminated medium. 

4.1.5 Short-Term Effectiveness 
This criterion evaluates the effects of the alternative during the constiuction and 
implementation phase of the alternative. The main factors addressed in this 
evaluation are: (a) protection of the community during remedial actions; (b) 
protection of workers during remedial actions; (c) potential adverse environmental 
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Section 4 
Detailed Analysis of Remedial Action Alternatives 

impacts resulting from constiuction and implementation; and (d) time until remedial 
response objectives are met. 

4.1.6 Implementability 
This criterion addresses the technical and administiative feasibility of implementing 
the alternative, and the availability of services and materials required for its 
innplementation. The specific components of this criterion are described below. 

• Technical feasibility includes: (a) constiuction and operation, including 
technical difficulties and unknowns associated with the technologies included 
in the alternative; (b) reliability of the technologies; (c) ease of undertaking 
additional remedial actions (more significant at sites for which an interim 
action is being conducted); and (d) monitoring considerations. 

• Administiative feasibility refers primarily to the necessary coordination with 
other offices and agencies such as for permit acquisition. 

• Availability of services and materials includes assessment of the availability of 
the tieatment, storage, and disposal services necessary to implement the 
alternative; the availability of the technologies; and the availability of 
additional equipment or specialists. The EPA RI/FS Guidance Document 
(EPA 1988) also includes the potential for obtaining competitive bids as part of 
this criterion. 

4.1.7 Cost 
The cost criterion is divided into the two categories: capital costs and O&M costs. 
Capital costs include: (a) direct capital costs such as constiuction, equipment, land and 
site development, buildings and services, and disposal costs; (b) indirect capital costs 
such as engineering expenses, constiuction management costs, license and permit 
costs, startup and shakedown costs; and (c) contingency allowances. O&M costs are 
costs associated with long-term operation of the remedy after completion of the 
constiuction that include operating labor, maintenance material and labor, auxiliary 
materials and energy, costs for residue disposal, administiative work, and equipment 
rehabilitation or replacement costs. For the purposes of this FS, mobilization and 
demobilization costs, start-up and health and safety expenses are included as capital 
costs. 

Analysis of costs was performed using vendor-suppHed information and other 
references (e.g., R.S. Means Site Work Cost Data; R.S. Means Environmental Cost 
Data), supplemented by the RAC II Team's experience and vendor data. 

In order to compare economic costs of the various alternatives, present worth analyses 
were performed. For these analyses, it was assumed that the resources and activities 
required to perform operation and maintenance will remain constant over the period 
of remediation. A discount rate of 7 percent was assumed for the purposes of this FS. 
Capital costs were calculated in 2006 dollars and not discounted; only O&M costs 
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Section 4 
Detailed Analysis of Remedial Action Alternatives 

incurred after the first year were discounted for the net present worth analysis. 
Pursuant of the EPA FS Costing Guidance (EPA 2000a), the costs are expected to be 
within -30 to +50 percent accuracy. 

4.1.8 State Acceptance 
This criterion addresses technical and administiative preferences and issues that the 
State of New Jersey may have regarding each alternative. Alternatives are evaluated 
based upon their support/acceptance by the NJDEP and other regulatory agencies. 
NJDEP comments on the Draft FS have been incorporated into this Final FS. 

4.1.9 Community Acceptance 
This criterion will incorporate public comments which have been provided to federal 
and state agencies during the RI/FS process. The assessment of community 
acceptance will address those alternatives that the community formally supports or 
opposes. Community input on the FS Report will be solicited during the public 
comment period, during which time the FS Report will be available for public review. 
A responsiveness summary will be prepared to address comments received during the 
public comment period. A summary of the public comments and responses will be 
included in the Record of Decision (ROD). As a result, no assessment or estimate of 
community acceptance will be made in this FS Report. 

4.2 Individual Analysis of Remedial Action Alternatives 
Based upon the results of the screening analysis of remedial technologies presented in 
Section 2 and the development and screening of remedial action alternatives in Section 
3, four candidate remedial action alternatives were developed. They are as follows: 

Alternative 1 - No Action 
Alternative 2 - MNA/ln Situ Treatment (Contingency Remedy)/ Institutional 

Contiols 
• Sub-alternative 2A - In situ tieatment (contingency remedy) via 

permeable reactive barrier 
• Sub-alternative 2B - In situ tieatment (contingency remedy) via 

geochemical fixation 
Alternative 3 - In Situ Treatment/MNA/Institutional Contiols 

• Sub-alternative 3A - In situ tieatment via permeable reactive 
barrier for chromium plume > 1,000 M-g/L 

• Sub-alternative 3B - In situ tieatment via geochemical fixation 
for chromium plume > 1,000 iig/L 

• Sub-alternative 3C - In situ tieatment via geochemical fixation 
for chromium plume > 70 |ag/ L 

Alternative 4 - Groundwater Extiaction/Treatment/Off-Site Disposal/Long-term 
Groundwater Monitoring/ Institutional Contiols 

These alternatives were developed based upon the RAOs described in Section 2 and 
the procedures for developing a range of remedial action alternatives, as specified in 
tiie NCP and tiie EPA RI/FS Guidance Document (EPA 1988). 
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Section 4 
Detailed Analysis of Remedial Action Alternatives 

The above alternatives are not intended to account for all possible combinations 
associated with the remedial technologies retained for further consideration following 
the screening analysis (Section 2). Rather, the alternatives are representative of the full 
range of plausible remedial action alternatives, considering variable degrees of design 
conservatism and cost. When more than one process options were retained, 
representative process options were used to develop the alternatives for evaluation 
and costing purposes. The selection of any particular process option will be 
determined during the remedial design or remedial action phase. The remedial action 
ultimately selected for this Site is expected to be similar to one of these alternatives, 
but is in no way limited to them. 

The remedial action alternatives are described in this section with sufficient detail to 
complete detailed analyses. Preliminary design assumptions were developed for each 
alternative for the purpose of completing detailed analyses and estimating 
implementation costs. The design assumptions were based upon existing site data 
and information, and are expected to be representative of the conditions that would be 
encountered during the remedial action. The final configuration of the remedial 
action alternative selected for implementation will be determined during the remedial 
design phase of this project. 

The detailed analysis of remedial alternatives is discussed in detail below. The results 
of this analysis and the corresponding cost estimates are summarized in Tables 4-1 
and 4-2, respectively. 

4.2.1 Alternative 1 - No Action 
The No Action alternative was retained for connparison purposes as required by the 
NCP. No remedial actions would be implemented as part of the No Action 
alternative. This alternative does not include institutional contiols. 

4.2.1.1 Overall Protection of H u m a n Health and the Environment 

The RI results indicate that hexavalent chromium contamination was primarily 
detected in the Intermediate Sand and Lower aquifers. Figure 1-2 highlights the 
aqueous chromium plume areas based on hexavalent chromium concentiations 
greater than 70 |ig/L. The Lower aquifer is a drinking water source for the area and 
several municipal well fields are located in the vicinity of the Puchack Well Field Site. 
The Puchack well field has been shut down and the chromium contaminated 
groundwater is not being consumed. However, the chromium plume has spread into 
multiple aquifers from the source areas over the years. There is the potential for the 
plume to continue to migrate towards the municipal well fields east of the Westfield 
Avenue. The chromium plume may be attenuated or fixated by the natural reduction 
capacity of the aquifer sediment. However, because no remedial action would be 
implemented under this alternative, no means would be available to assess or monitor 
the migration and fate of the chromium plume. 
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Detailed Analysis of Remedial Action Alternatives 

This alternative would not provide protection to the environment since contamination 
would persist in groundwater and there would be no mechanism to monitor the 
migration of the contaminants. 

This alternative would not achieve the RAOs. 

4.2.1.2 Compliance wi th ARARs 

Because of the presence of high concentiations of hexavalent chromium in the 
environment, this alternative would not meet the groundwater quality standards for 
chromium (chemical-specific ARAR). 

No location-specific ARARs were identified. As this alternative involves no action, 
action specific ARARs are not applicable. 

4.2.1.3 Long-Term Effectiveness and Permanence 

Magnitude of Residual Risk - No Action is not considered to be a permanent remedy, 
the contaminants would not be destioyed, except gradual reductions through natural 
attenuation. Potential future human health risks would not be altered by 
implementation of this alternative. 

Adequacy of Contiols - Currently there is no risk to human health since the 
contaminated groundwater is not being used. This alternative would not provide 
adequate contiol of risks to human health or the environment because there are no 
mechanisms to prevent future exposure. 

Reliability of Contiols - Under this alternative there would be no mechanism in place 
to prevent future risk to human health, therefore this alternative would not be 
considered reliable. 

No Action is considered not to be effective in the long terrn. 

4.2.1.4 Reduction of Toxicity, Mobility or Volume through Treatment 

The implementation of this alternative would not affect the TMV of the residual 
contaminants. The toxicity and mass (volume) of contaminants in groundwater 
would be gradually reduced over the long-term by natural attenuation processes. 

4.2.1.5 Short-Term Effectiveness 

This alternative would not include a remedial action. Therefore, it would have no 
short-term impact to workers or the community. 

There would be no adverse environmental impacts to habitats or vegetation due to the 
implementation of the alternative. 
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4.2.1.6 Implementabil i ty 

This alternative is easily implemented, since no services or permits would be required. 

4.2.1.7 Cost 

There would be no cost under this alternative. 

4.2.1.8 State Acceptance 

NJDEP comments on the draft report have been incorporated into this Final FS report. 

4.2.1.9 Communi ty Acceptance 

Alternatives are evaluated based upon their acceptance by the community. 
Community acceptance would be formally addressed after the Final FS and Proposed 
Plan have been issued to the public for formal review and comment, and a public 
meeting/availabiUty session has been held by EPA. Community acceptance would be 
formally addressed in the Responsiveness Summary of the ROD, which would present 
EPA's responses to the public's questions and concerns regarding the FS and 
Proposed Plan. 

4.2.2 Alternative 2 - MNA/In Situ Treatment (Contingency 
Remedy)/Institutional Controls 

Alternative 2 consists of the following components: 

• Long-term groundwater monitoring of natural attenuation 
• In situ tieatment (contingency remedy) via permeable reactive barrier (Sub-

alternative 2A) 
• In situ tieatment (contingency remedy) via geochemical fixation (Sub-

alternative 2B) 
• Institutional contiols 
• Periodic site reviews 

Under this alternative, the chromium plume would be allowed to become attenuated 
or fixated through the natural reduction capacity of the aquifer sediment. Hexavalent 
chromium is toxic and mobile (very soluble in water). However, hexavalent 
chromium is very unstable and can be easily converted (reduced) to tiivalent 
chromium, which is non-toxic, not mobile (precipitates and fixates to the soil matiix), 
and extiemely stable. The reaction is not reversible under all normal envirorunental 
conditions. A bench scale tieatabihty study conducted by PNNL (PNNL 2005) has 
demonstiated that there is more than sufficient natural reduction capacity in the 
aquifer (outside the plume area) to reduce the hexavalent chromium before it will 
reach any municipal wells. Soil particles can adsorb hexavalent chromium, thereby 
impeding the mobility of hexavalent chromium. The chromium plume is expected to 
migrate a few feet to tens of feet per year. The migration and reduction of the 
chromium plume would be monitored through the long-term groundwater 
monitoring program. A contingent remedy using in situ tieatment is also included in 
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this alternative in the event that the hexavalent plume migrates past a designated 
compliance zone. 

Long-term Groundwater Monitoring. A long-term groundwater monitoring program 
would be instituted to collect data on contaminant concentrations and plume 
properties at the Site. Eleven existing wells in the Intermediate Sand, and nine 
existing wells in the Lower aquifer would be used for the long-term groundwater 
monitoring program. It is expected that three new Intermediate Sand monitoring 
wells and four new Lower aquifer n:\onitoring wells would be installed to enhance the 
existing monitoring well network. Locations of monitoring wells to be sampled for 
MNA are shown in Figure 4-1. Groimdwater samples would be collected annually 
and analyzed for total and hexavalent chromium and natural attenuation parameters 
including oxygen, nitrate, soluble manganese, ferrous iron, sulfate, total organic 
carbon, chloride, pH, temperature, and oxidation/reduction potential. The 
monitoring data collected would be evaluated and used to assess the migration and 
attenuation of the contaminant plume through time and to plan for remedial action, if 
required. 

In addition, a clean area (e.g., 100 foot zone) downgradient of the existing hexavalent 
chromium plume would be designated as a compliance zone. An additional 10 
monitoring wells would be installed in this zone (5 Intermediate Sand, 5 Lower 
aquifer). Data collected from the groundwater monitoring would be used to assess 
the effectiveness of MNA. The comphance zone would be monitored for evidence of 
breakthrough. Should MNA prove to be unsuccessful, the contingency remedy of in 
situ tieatment would be instituted. Sub-alternative 2A would include in situ 
tieatment by installation of a PRB using a reducing agent such as sodium dithionite. 
Sub-alternative 2B would include in situ tieatment by geochemical fixation using a 
reducing agent such as sodium metabisulfite. The final tieatment method and 
reducing agent would be determined at the time of implementation. 

In Situ Treatment (Contingency Remedy) via Permeable Reactive Barrier (Sub-
alternative 2A). A PRB would be instaUed on the downgradient edge of the portion of 
the contaminant plume that had passed through the 100 foot wide compliance zone. 
A conceptual drawing is provided in Figure 4-1. Comphance zone monitoring wells 
(one Intermediate Sand and one Lower aquifer monitoring well) would be installed 
every 800 feet along Westfield Avenue. Should the chromium plume enter a 800-foot 
long compliance zone segment, then a PRB would be installed in that segment. For 
costing purposes it has been assumed that 2 of the 5 compliance zone segments shown 
in Figure 4-1 would be impacted and require PRB installation. The PRB would be 
installed through standard vertical injection wells. Multiple injection wells would be 
placed and the reactive media would be injected into these wells to create a uniform 
reactive zone. This method of injection could be installed beneath existing stiuctures, 
such as the railroad at the Puchack Site. At each node, an injection well cluster 
consisting of 1 well screened in the Intermediate Sand and one well screened in the 
Lower aquifer is envisioned. For costing purpose, a total of 80 injection wells (40 
locations, each at 2 depths to tieat Intermediate Sand and Lower aquifer) would be 
installed to address the assumed 2 of 5 compliance zone segments. 
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A continuous reactive zone design would be used for this alternative, allowing the 
water to follow the natural gradient and pass through the barrier. The PRB would be 
situated across the entire path of the contaminated groundwater that has passed 
through the compliance zone. The PRB would use a reducing agent such as sodium 
dithionite to tieat chrorruum. The PRB would reduce the hexavalent chromium to 
tiivalent chromium, which would then precipitate and be immobilized by absorbing 
onto reactive media or aquifer solids. The PNNL tieatabihty study estimated that the 
PRB would have reducing capacity to last several decades. Groundwater modeling 
would be performed to determine whether a grout curtain would be necessary to 
direct the groundwater towards the tieatment zone. 

In Situ Treatment (Contingency Remedy) via Geochemical Fixation fSub-alternative 
2B). Geochemical fixation would be performed to treat the portion of the contaminant 
plume that had passed through the 100 foot wide compliance zone. A conceptual 
drawing is provided in Figure 4-2. Compliance zone monitoring wells (one 
Intermediate Sand and one Lower aquifer monitoring well) would be installed every 
800 feet along Westfield Avenue. Should the chromium plume enter a 800-foot long 
compliance zone segment, then geochemical fixation would be conducted in that 
segment. For costing purposes it has been assumed that 2 of the 5 compliance zone 
segments shown in Figure 4-2 would be impacted and require geochemical fixation. 

In situ tieatment using geochemical fixation would be performed in the Intermediate 
Sand and Lower aquifer. In situ geochemical fixation is a process that reduces 
hexavalent chromium in groundwater to tiivalent chromium, which is then allowed to 
geochemicaUy fix onto the aquifer solids. The specific reducing agent application 
method would be determined during the remedial design. For costing purposes, it 
has been assumed that instead of conducting a recirculation type remediation in 
which contaminated groundwater is extiacted and tieated to remove contaminants, 
dosed with a reducing agent and reinjected into the ground to form a closed loop. 
This alternative would be implemented by injecting non-contaminated water dosed 
with a reducing agent such as sodium metabisulfite, ferrous sulfate or chloride, or 
calcium polysulfide. No pumping of contaminated groundwater would be 
performed. 

During the design phase of the project, bench- and pilot-scale studies would be 
conducted to evaluate various process options and injection well spacing. Bench-scale 
and pilot-scale testing would determine the most cost effective process options as well 
as obtain design parameters. 

For full-scale tieatment, it is estimated that multiple injection wells would be installed 
in the Intermediate Sand and Lower aquifer. The reducing agent would migrate from 
the point of application through the plume to impact the contaminants down to the 
compliance zone. Injection wells would be installed in areas where access is more 
available, such as along stieets, alleyways, or open space. It is envisioned that two 
rows of tieatment wells would be installed within the downgradient portion of the 
plume, as shown in Figure 4-2. For costing purpose, it is assumed that a total of 24 
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injection wells (12 locations, each at 2 depths to impact Intermediate Sand and Lower 
aquifer) would be installed to address the assumed 2 of 5 compliance zone segments. 

It is expected that the reagents would be added in two rounds of tieatment consisting 
of two injection events. For each round of tieatment, approximately one-half of the 
reagents estimated to be required for complete tieatment would be applied during 
each injection event. There would be a waiting period between injection events (such 
as one year) to allow the reducing agent to flow through the contaminant area. The 
subsequent tieatment would be applied only in areas where analytical data indicates 
that additional tieatment is required. A tieatment duration of about three years, 
including injection well installation, tieatment (including the waiting period between 
injection events), and injection well abandorunent is assumed. 

Treatment verification monitoring would include collection of groundwater samples 
from weUs within and downgradient of the tieatment areas; samples would be 
analyzed for chromium. Results from the monitoring program would determine 
whether or not additional roimds of reagent application are required to meet the 
tieatment objectives. 

Soil cuttings resulting from installation of the injection wells would be characterized 
for disposal. It is assumed that this material would be drummed and disposed off-site 
as non-hazardous waste. 

Institutional Contiols. Institutional contiols would include placing restiictions on the 
installation of weUs and the use of groundwater within the Puchack site. The purpose 
is to reduce potential future exposure to contaminants by legally restiicting use of 
contaminated groundwater. NJDEP would establish a CEA designation for the area of 
the aquifer where the contamination exceeds the PRGs. The CEA would require 
interested parties to be notified that the groundwater does not meet the groundwater 
quality standards. Additionally NJDEP, could deny the interested party a permit for 
the installation of a new groundwater extiaction well in the contaminated part of the 
aquifer. 

Periodic Site Reviews. A review of site conditions would be conducted every five 
years using data obtained through the annual groundwater sampling program. The 
site reviews would include an evaluation of the extent of contamination and an 
assessment of contaminant migration and attenuation over time. 

Duration of Alternative. This alternative would be evaluated for the 30-year FS 
evaluation period. It is not known if the PRGs would be attained at the end of the 30-
year period. See discussion under Compliance with ARARs. At the end of this 
period, a new evaluation would be performed based on the data available at that time. 

4.2.2.1 Overall Protection of Human Health and the Environment 

Alternative 2 would be protective of human health and the environment through 
natural processes. Natural attenuation would reduce the aqueous plume and prevent 
contaminants from migrating beyond the compliance zone. Should MNA prove 
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unsuccessful, contamination in the Intermediate Sand and Lower aquifer would be 
reduced by in situ tieatment, after reacting with the reducing agent injected either as a 
PRB or through geochemical fixation. 

Sorption and reduction reactions are the dominant MNA mechanisms responsible for 
the reduction of mobility, toxicity, or bioavailabihty of inorganic contaminants. The 
process contiolling the migration of chromium further offsite is expected to be natural 
reduction processes including the use of available iron and manganese in the 
groundwater to reduce the hexavalent chromium to the tiivalent state. Based on a 
review of the RI data, these natural reducing agents are present at relatively high 
levels in areas surrounding the chromium plume, but have become depleted within 
the main plume area. As a result, the further conversion of hexavalent chromium to 
tiivalent chromium is not expected to occur in appreciable quantities or to a 
significant degree within the chromium contaminated areas. A bench scale 
treatability study was performed to evaluate in situ technologies for remediation of 
hexavalent chromium in groundwater at the Puchack Site, and an Interim Progress 
Report has been prepared (PNNL 2005). The bench scale study demonstiated that 
chromium reduction by natural Puchack aquifer sediment can occur in the area 
downgradient of the chromium plume where the reductive capacity of the aquifer has 
not been depleted. The study estimated that 63 pore volumes of groundwater 
containing high chromium concentiations (2 mg/L) would be reduced by natural 
reductive processes. Therefore, there is sufficient reduction capacity in the aquifer to 
reduce the hexavalent chromium before it will reach any mvmicipal wells. It is 
expected that the chromium plumes would only migrate a short distance before the 
hexavalent chromium is reduced and fixated onto the soil particles (see discussion 
under "Long-term effectiveness and Permanence." 

Institutional contiols would prevent future exposure to contaminated groundwater. 
Monitoring and five-year reviews would assess the site conditions and effectiveness of 
natural attenuation, and recommend corrective measures when necessary. 

This alternative would be protective of the environment. MNA (or in situ tieatment if 
required) would reduce the contaminants from the areas of concern. Groundwater 
monitoring would be conducted annually to monitor the contamination and to 
determine the effectiveness of the remedy. 

4.2.2.2 Compliance with ARARs 
Natural attenuation would rely on the natural reductive capacity of the aquifer to 
gradually reduce the hexavalent chromium. Based on the bench scale study, the 
aquifers have enough capacity to reduce and fixate all hexavalent chromium to below 
the PRGs. The reduction reaction is fast. However, chromium must be in contact with 
the reductant for it to be reduced. Two attenuation mechanisms are possible: 

• The attenuation process could be slow if the sediment reduction capacity is 
depleted within the plume area. The chromium must then flow to the 
sediment with reduction capacity, which is located outside of the current 
plume area. The chromium plume migration is a slow process. 
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• Groundwater in the Puchack well field area is known to contain high 
concentiations of ferrous iron, which is a reductant for the hexavalent 
chromium. Ferrous iron can migrate with the groundwater to the chromium in 
a faster rate than chromium migration. 

It is not known if this alternative would attain the PRGs (derived from chemical-
specific ARARs) for groundwater within a reasonable time frame (e.g., 20 years 
considered by NJDEP) using MNA. A significant reduction of chromium 
concentiations was observed in the groundwater samples between 1998 and 2000. 
Additional sampling of the groundwater would provide the needed information to 
better predict the attenuation rate. Long-term groundwater monitoring would be 
conducted to assess the degree of compliance achieved over time. 

No location-specific ARARs were identified. The reducing agent may contain sodium. 
NJDEP has a groundwater quality standard of 50 mg/L for sodium. Based on 
preliminary calculations (Appendix A), this standard would not be exceeded once 
sodium is dispersed into the aquifer. Other reducing agents that do not contain 
sodium would also be considered during the design phase. This alternative would be 
designed to comply with action-specific ARARs. Table 2-3 summarizes the action-
specific ARARs and their FS considerations. 

4.2.2.3 Long-Term Effectiveness and Permanence 

Magnitude of Residual Risk - This alternative would reduce the residual contaminants 
gradually through the natural reducing capacity of the aquifer solids. If necessary, as 
a contingency, installation of in situ tieatment would further reduce the migration of 
the plume. 

Estimation of contaminant migration rates for chromium in groundwater stiongly 
suggests that MNA processes are important for degrading and impeding the 
migration of hexavalent chromium. Five monitoring wells (CCMW-IA, CCMW-2A, 
MW-51, MW-14, MW-5D,.and MW-6D) were sampled in 1998 and again in 2000. Over 
50% reduction in hexavalent chromium concentiations were observed in those 
monitoring wells. Calculations were completed to estimate the natural reductive 
capacity of the aquifer systems at the Site using data obtained from the PNNL 
tieatabihty study (see Appendix A calculations). Estimates were made of: 1) the time 
that a given volume of the Intermediate Sand and Lower aquifer are effective in 
attenuating the chromium in groundwater, and 2) the total attenuating capacity of the 
Intermediate Sand and Lower aquifer for a given volume of water. Based on these 
calculations, the effective time that the natural reductive capacity within a 100 foot 
compliance zone would continue to reduce the chromium migrating through the zone 
in the Intermediate Sand was between 400 and 1,100 years depending upon the 
chromium and dissolved oxygen concentiations. Sirriilar calculations for the Lower 
aquifer determined that the effective time for reducing chromium in a 100 foot 
connpliance zone was between 1,300 and 1,500 years. Also, it was estimated that a 100 
foot compliance zone would have 75 to 96 times enough capacity to remove all of the 
chromium in the groundwater plume upgradient of the zone. Therefore, it is unlikely 
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for the hexavalent chromium plume to move beyond the compliance zone due to the 
natural reductive capacity of the aquifer soil particles. 

An estimate can be made of the rate that hexavalent chromium would migrate from 
the leading edge of the plume under MNA conditions. Given the groundwater 
velocity of 310 ft/yr and the retardation factor (calculated in Appendix A) of 26 to 65 
(hexavalent chromium near the downgradient plume boundary), this would yield a 
hexavalent chromium velocity in the groundwater of only between 5 and 12 ft/yr. 
These estimates are conservatively low, reflecting mostly adsorption and do not 
include complete reduction and precipitation. 

Currently there are no risks to human health as the groundwater is not being used as 
potable water. Potential future human health risks would be minimized through the 
implementation of institutional contiols. 

Adequacy of Controls - Risks to human health would be further reduced through 
institutional contiols that would require continued enforcement and monitoring. 

The groundwater is currently not being used and institutional contiols would prevent 
future use of the groundwater. Monitoring and five-year reviews would assess the 
effectiveness of the remedy. 

Reliabihty of Contiols - Based on the bench scale tieatabihty study results, natural 
attenuation would be reliable to reduce hexavalent chromium to tiivalent chromium. 
The process is not reversible under normal environmental conditions. MNA is further 
supported by contingency in situ tieatment, as necessary. 

Institutional contiols, if properly enforced, would be considered reasonably adequate 
and reliable for protection of human health. 

Long-term groundwater monitoring enables risks to be tiacked over a period of time, 
but would not reduce them. The long term effectiveness of this alternative would be 
assessed through routine groundwater monitoring and five-year reviews. As part of 
the monitoring program, groundwater would be sampled to monitor plume properties 
over time to verify that the plume would not be increasing over time or posing an 
unacceptable risk to human health and the environment. 

4.2.2.4 Reduction of Toxicity, Mobility or Volume through Treatment 

Monitored natural attenuation would have no direct effect in reducing the TMV of 
residual contaminants through tieatment. The toxicity and mass (volume) of residual 
contamination in the groundwater would be gradually reduced over time by natural 
attenuation processes. If necessary, as a contingency, in situ tieatment would reduce 
the mobility of the contaminants in groundwater, and the toxicity and volume (mass) 
would be reduced through tieatment. The reduction process is permanent and 
irreversible. 
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Institutional contiols would not reduce the toxicity of contaminants, but would reduce 
the potential for human exposure to contaminated groundwater; thereby reducing the 
risks. 

4.2.2.5 Short-Term Effectiveness 

MNA includes limited site work in the implementation of the long-term groiuidwater 
monitoring program. Should in situ tieatment become necessary, as a contingency, 
constiuction could be performed without significant risk but would create significant 
inconvenience to the commtmity. Short-term fugitive dust would occur during 
constiuction. Operational contiols, along with air monitoring for both particulates 
and relevant contaminants, would be established to minimize these impacts. Site 
workers would wear appropriate personal Protective equipment (PPE) to minimize 
exposure to contamination and as protection from physical hazards. There would be a 
temporary negative impact on the commercial business and the residences located 
near the proposed tieatment area during constiuction. 

The constiuction period for this alternative is estimated at one year for MNA only 
(mobilization and installation of monitoring wells), and two to three years for the 
PRBs or in situ geochemical fixation (one year for mobilization/site preparation/ 
demobilization and 1 to 2 years for installation of in situ tieatment, including the 
waiting period), if it becomes necessary. A monitoring time period of 30 years, the 
maximum specified for evaluation under EPA's RI/FS Guidance Document (EPA 
1988), is assumed for this alternative. It is anticipated that PRGs would be met in the 
aqueous plumes at the end of this time period. 

No adverse impacts to habitats or vegetation would be anticipated from activities 
associated with implementation of this alternative. 

4.2.2.6 Implementabil i ty 

Technically, the alternative would be implementable as proposed. Supplies and 
services for long-term groundwater monitoring and well drilling services are readily 
obtainable. Should it become necessary, constiuction of an in situ tieatment system 
would utilize conventional constiuction methods and equipment. No technical 
difficulties would be anticipated. Implementation of this alternative would require 
access to the neighboring properties, which would be somewhat difficult. No 
problems are forecasted for the implementation and enforcement of the institutional 
contiols. 

4.2.2.7 Cost 
A summary of the capital costs, annual O&M costs, five-year review costs, and total 
present worth is provided in Table 4-1. The details of this alternative and the 
associated estimated costs are presented in Appendix C. Total net present worth for 
Sub-alternative 2A is $1.2 (MNA only) and $10.5 million (MNA with contingency 
remedy using PRB) over the 30-year life of the alternative. Total net present worth for 
Sub-alternative 2B is $1.2 (MNA only) and $7.8 million (MNA with contingency 
remedy using in situ geochemical fixation). 
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4.2.2.8 State Acceptance 

NJDEP comments on the draft report have been incorporated into this Final FS report. 

4.2.2.9 Communi ty Acceptance 

Alternatives are evaluated based upon their acceptance by the community. 
Community acceptance would be formally addressed after the Final FS and Proposed 
Plan have been issued to the public for formal review and comment, and a public 
meeting/availability session has been held by EPA. Community acceptance would be 
formally addressed in the Responsiveness Summary of the ROD, which would present 
EPA's responses to the public's questions and concerns regarding the FS and 
Proposed Plan. 

4.2.3 Alternative 3 - In Situ Treatmen^NA/Inst i tut ional 
Controls 

Alternative 3 consists of the following components: 

• In situ tieatment via: 
•• permeable reactive barrier for chromium plume > 1,000 pig/L (Sub-

alternative 3A), or 
•• geochemical fixation for chromium plume > 1,000 (ig/L (Sub-

alternative 3B), or 
•• geochemical fixation for chronuum plume > 70 fJ.g/L (Sub-alternative 

3C) 
• Long-term groundwater monitoring 
• Institutional contiols 
• Periodic site reviews 

In Situ Treatment via Permeable Reactive Barrier for Chromium Plume > 1,000 ug/L 
(Sub-alternative 3A). In situ tieatment via permeable reactive barrier would be 
implemented in the location of expected highest chromium contamination (e.g. areas 
above 1,000 |ig/L) as described under Sub-alternative 2A, however, without first 
evaluating the effectiveness of MNA. For costing purposes it has been assumed that a 
3,500 foot long PRB wall, with injection wells placed every 40 ft would be required. 
Portions of the wall would require tieatment in the Middle aquifer (600 ft), the 
Intermediate Sand (2,500 ft), and the Lower Aquifer (2,500 ft). A total of 141 injection 
wells would be required to tieat the chromium plume greater than 1,000 |.ig/L in the 
three aquifers. This alternative is shown in Figure 4-3. 

In Situ Treatment via Geochemical Fixation for Chromium Plume > 1,000 ug/L (Sub-
alternative 3B). In situ tieatment via geochemical fixation would be implemented in 
the location of the expected highest chromium contamination (e.g. areas above 1,000 
^g/L), however, without first evaluating the^ effectiveness of MNA. For costing 
purposes it has been assumed that a geochemical fixation tieatment zone would be 
required in the Middle aquifer (600 ft), the Intermediate Sand (4200 ft), and the Lower 
aquifer (3,700 ft), with injection wells placed every 150 ft. A total of 58 injection wells 
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would be required to tieat the chromium plume greater than 1,000 M-g/L in the three 
aquifers. This alternative is shown in Figure 4-4. 

In Situ Treatment via Geochemical Fixation for Chromium Plume > 70 ug/L (Sub-
alternative 3C). In situ tieatment via geochemical fixation would be implemented in 
the locations where the chromium plume exceeds the PRG of 70 ^ig/L, however, 
without first evaluating the effectiveness of MNA. For costing purposes it has been 
assumed that a geochemical fixation tieatment zone would be required in the Middle 
aquifer (600 ft), the Intermediate Sand (7,400 ft), and the Lower aquifer (7,000 ft), witii 
injection wells placed every 150 ft. A total of 102 injection wells would be required to 
tieat the chromium plume greater than 70 ug/L in the three aquifers. This alternative 
is shown in Figure 4-5. 

Long-Term Groundwater Monitoring. Long-term groundwater monitoring would be 
implemented as described under Alternative 2. 

Institutional Contiols. Institutional contiols would be implemented as described 
under Alternative 2. 

Periodic Site Reviews. Periodic site reviews would be implemented as described 
under Alternative 2. 

Duration of Alternative. This alternative would be evaluated for the 30-year FS 
evaluation period. At the end of this period, a new evaluation would be performed 
based on the data available at that time. 

4.2.3.1 Overall Protection of H u m a n Health and the Environment 

The in situ tieatment process would be effective in tieating chromium contamination. 
By applying in situ tieatment, either as a PRB or through geochemical fixation, most 
chromium within the tieatment area would be immobilized. This alternative would 
be protective of human health and the environment by the reduction of the 
contaminant mass within the location of the highest chromium contamination. A 
reduction in contaminant mass would reduce the amount of contamination present in 
the groundwater. Institutional contiols would prevent potential future human 
exposure to groundwater contamination. Monitoring and 5-year reviews would 
assess the site conditions and effectiveness of the remedy. 

Natural attenuation processes would be effective in reducing chromium 
concentiations in the portions of the plume where in situ tieatment is not being 
performed. 

4.2.3.2 Comphance wi th ARARs 

The quantity of mobile hexavalent chromium would be greatly reduced through in 
situ tieatment. After tieatment the rate and amount of groundwater contamination 
would be low. For Sub-alternative 3A (PRB for chromium plume > 1,000 ug/L) and 
Sub-alternative 3B (geochemical fixation for chromium plume > 1,000 |^g/L), MNA 
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would be the primary mechanism to reduce hexavalent chromium for the area outside 
of the tieatment zone. As discussed under Alternative 2, the rate of natural reduction 
of hexavalent chromium is not known. Therefore, it is not known if the PRGs would 
be attained within a reasonable time frame (e.g., 20 years considered by NJDEP) using 
MNA. Additional sampling would provide the needed information to better predict 
the reduction rate. 

For Sub-alternative 3C (geochemical fixation for chromium plume > 70 M-g/L), PRGs 
are expected to be achieved in 5 to 10 years (the predicted time for the reducing agent 
to migrate within the tieatment zone). These assumptions would be verified during 
the pilot scale study, and the actual remediation time could be significantly longer. 
Long-term groundwater monitoring would be conducted to assess the degree of 
compliance achieved over time. 

No location-specific ARARs were identified. The reducing agent may contain sodium. 
NJDEP has a groundwater quality standard of 50 mg/L for sodium. Based on 
preliminary calculations (Appendix A), this standard would not be exceeded once 
sodium is dispersed into the aquifer. Other reducing agents that do not contain 
sodium would also be considered during the design phase. This alternative would be 
designed to comply with action-specific ARARs. Table 2-3 summarizes the action-
specific ARARs and their FS considerations. 

4.2.3.3 Long-Term Effectiveness and Permanence 

Magnitude of Residual Risk - This alternative would be considered a permanent 
remedy as contaminants are immobilized in the locations of highest chromium 
contamination, and MNA would reduce levels in the remainder of the plume for the 
long-term. Currently there are no risks to human health as the contaminated 
groundwater is not being used as potable water. Potential future human health risks 
would be reduced through the implementation of institutional contiols. 

Adequacy of Contiols - In situ tieatment would be effective in reducing contaminant 
mass. The effectiveness would be confirmed through groundwater monitoring. 

Risks to human health would be contiolled through institutional contiols, which 
would require continued enforcement as well as monitoring. 

Reliability of Contiols - The reduction in contaminant concentiation through in situ 
tieatment and the implementation of institutional contiols, if properly enforced, 
would be considered reasonably adequate and reliable for protection of human health. 

MNA would reduce levels in the remainder of the plume. Based on the bench scale 
tieatabihty study results, natural attenuation would be reliable to reduce hexavalent 
chromium to tiivalent chromium. The process is not reversible under normal 
environmental conditions. 
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Institutional contiols, if properly enforced, would be considered reasonably adequate 
and reliable for protection of human health. 

Long-term groundwater monitoring enables risks to be tiacked over a period of time, 
but would not reduce them. The long-term effectiveness of this alternative would be 
assessed through routine groundwater monitoring and five-year reviews. As part of 
the monitoring program, groundwater would be sampled to monitor plume properties 
over time to verify that the plume is not increasing over time or posing an 
unacceptable risk to human health and the environment. 

4.2.3.4 Reduction of Toxicity, Mobil i ty or Volume through Treatment 

The TMV of the contaminants in groundwater would be reduced through in situ 
tieatment reduction. The reduction process is permanent and irreversible. 
Concentiation of contaminants present outside the tieatment area would decrease 
slowly through natural attenuation. 

Institutional contiols would not reduce the toxicity of contaminants, but would reduce 
the potential for human exposure to contaminated groundwater, thereby reducing the 
associated risks. 

4.2.3.5 Short-Term Effectiveness 

Installation and operation of the in situ tieatment system would have significant 
impact to the community. Short-term and low-level generation of fugitive dust would 
occur during constiuction. Operational contiols, along with air monitoring for both 
particulates and relevant contaminants, would be established to noinimize these 
impacts. Site workers would wear appropriate PPE to minimize exposure to 
contamination and as protection from physical hazards. This alternative would have 
temporary impact to the commercial business and residences due to installation and 
operation of injection wells. Also, tiaffic patterns would be impacted due to potential 
road closings during constiuction activities. 

The constiuction period for this alternative is estimated at five years (one year for 
mobilization/site preparation/demobilization and up to four years for installation of 
in situ tieatment, including the waiting period). A time period of 30 years, the 
maximum specified for evaluation under EPA's RI/FS Guidance Document (EPA 
1988), is assumed for implementation of Sub-alternative 3A, 3B and 3C. A shorter 
time period for Sub-alternative 3C may be determined based on pilot scale testing 
results. 

No adverse impacts to habitats or vegetation are anticipated from activities associated 
with implementation of this alternative. 

4.2.3.6 Implementabil i ty 

This alternative would be implemented using conventional constiuction methods and 
equipment. Both the PRB and in-situ geochemical fixation are innovative technologies 
and would require bench and pilot scale tieatabihty studies to determine the 
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effectiveness of tieatment. Results of the bench and pilot scale studies may indicate 
that additional injection wells would be needed. The installation of additional 
injection wells may increase the cost and duration of this alternative. The technical 
feasibility of installing and operating an in situ system has been established at other 
sites. 

There may be some administiative implementability issues related to obtaining 
regulatory approval for an innovative remedial technology such as in situ treatment. 

Implementation of this alternative would require access to the neighboring properties, 
which would be somewhat difficult. Services and materials for implementation of this 
alternative would be readily available. No problems are forecasted for the 
implementation and enforcement of the institutional contiols. 

4.2.3.7 Cost 
A suirunary of the capital costs, annual O&M costs, five-year review costs, and total 
present worth is provided in Table 4-1. The details of this alternative and the 
associated estimated costs are presented in Appendix C. Total net present worth for 
Sub-alternative 3A is $14.5 million. Sub-alternative 3B is $12.0 million, and Sub-
alternative 3C is $17.6 million over the 30-year life of the alternative. The cost estimate 
for Sub-alternatives 3A, 3B, and 3C are highly dependent on the effective radius of 
treatment for each injection point, which can vary significantly. See Section 4.4 for a 
cost sensitivity discussion. 

4.2.3.8 State Acceptance 

NJDEP comments on the draft report have been incorporated into this Final FS report. 

4.2.3.9 Communi ty Acceptance 

Alternatives are evaluated based upon their acceptance by the corrurnunity. 
Commuruty acceptance would be formally addressed after the Final FS and Proposed 
Plan have been issued to the public for formal review and comment, and a public 
meeting/availability session has been held by EPA. Community acceptance would be 
formally addressed in the Responsiveness Summary of the ROD, which would present 
EPA's responses to the public's questions and concerns regarding the FS and 
Proposed Plan. 

4.2.4 Alternative 4 - Groundwater Extraction/Treatmen^Off-Site 
Disposal/Long-Term Groundwater Monitoring/ 
Institutional Controls 

Alternative 4 consists of the following major components: 

• Installation of extiaction wells and submersible pumps 
• Groundwater tieatment 
• Off-site disposal 
• Operation and maintenance 
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• Long-term groundwater monitoring 
• Institutional contiols 
• Periodic site reviews 

Installation of Extiaction Wells and Submersible Pumps. Groundwater extiaction and 
injection simulations have been conducted by the USGS. For alternative development, 
groundwater would be extiacted following extiaction scenario EX-I. A total of five 
extiaction wells would be installed in the Intermediate Sand with one pumping at 150 
gpm, one at 200 gpm, one at 350 gpm, and two at 400 gpm. One extiaction well would 
be installed in the Middle aquifer pumping at 25 gpm. All extiaction wells would be 
located north of the railroad line, except for the Middle aquifer pumping well. No 
wells would be placed in the Lower aquifer. Contaminants in the Lower aquifer 
would be drawn up into the Intermediate Sand and captured by the 5 extraction wells 
in this zone. The total quantity of groundwater extiacted would be at 1,525 gpm. The 
extiaction wells were placed to facilitate broad coverage of the chromium plume, and 
minimize pumping. Two injection wells would be placed updip of the plume to re
inject the tieated water into the Lower aquifer, which is thicker and more permeable. 
Details of the EX-I configuration modeled by USGS are shown in Appendix B, and 
well layouts are shown in Figure 4-6. Additional modeling would be performed 
during the design phase to finalize the extiaction and injection scheme. 

The extiaction wells would be drilled into the Middle aquifer and Intermediate Sand, 
and equipped with submersible pumps. A system of tiansfer pipes would be installed 
to convey the contaminated groundwater from the extraction wells to the 
groundwater treatment building. 

Soil cuttings resulting from installation of the extiaction wells would be characterized 
for disposal. It is assumed that this material would be drummed and disposed off-site 
as non-hazardous waste. 

Groundwater Treatment. Precipitation of metals has long been the primary method of 
tieating inorganics in wastewater. Metals precipitation from contaminated water 
involves the conversion of soluble heavy metal salts to insoluble salts that would 
precipitate. Treatment of chromium would be achieved by reduction of hexavalent 
chromium to the tiivalent state. Common reducing agents include ferrous sulfate, 
sodium meta-bisulfite, or suLfur dioxide. The precipitate can then be removed from 
tieated water by physical methods such as clarification (settling) and/or filtiation. 

The design of the chromium tieatment system would be based on a pilot scale system 
that was installed and operated at the Puchack Site by CDM in 1992. As in the pilot 
scale system, chemical reduction and precipitation would be implemented at the 
groundwater tieatment facility. Chemical reduction and precipitation would convert 
dissolved metals in groundwater into an insoluble form. First, ferrous iron would be 
used to reduce hexavalent chromium, which is primarily in the form of chromate 
(Cr04^") and dichromate (CrjOy^) to the tiivalent state. Following reduction, tiivalent 
chromium would be precipitated as a metal hydroxide using lime or sodium 
hydroxide as the reagent. The reaction of tiivalent chromium with lime forms 
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chromic hydroxide (Cr(OH)3) which is insoluble in water. Precipitation of tiivalent 
chromium is most effective in the pH range of 8.0 to 9.5, due to the low solubility of 
chromic hydroxide in that range. Metal ions generally precipitate out as hydroxides, 
sulfides, or carbonates, and are removed as solids through clarification and filtiation. 
The solid sludge containing the metal contaminant would then be disposed of 
properly at an offsite facility. 

Following chromium tieatment, the groundwater would undergo an air stiipping step 
to remove VOCs commingled with chromium contamination, with off-gas tieatment 
by carbon adsorption. 

For costing purposes, it is assumed that tieatment of extiacted groundwater would 
include: 
• Ferrous iron addition, followed by in-line mixing. 
• Iron-chromium contact to reduce hexavalent chromium to tiivalent chromium. 
• Aeration to stiip out carbon dioxide and thereby reduce calcium carbonate 

formation after lime addition, and to provide oxygen to oxidize both excess 
iron added to the water and manganese in the raw water. 

• Lime addition, in a rapid mix tank, to raise the pH from 7 (after aeration) to 
between 8.5 and 9.0, the optimal pH for tiivalent chromium removal. 

• Chlorination to prevent shme growth in the clarifier and dual media filter. 
• Flocculation, in the center zone of a solids contact clarifier, with addition of 

anionic polymer to improve settling. 
• Clarification in the quiescent zone of the clarifier to remove chromium 

hydroxide, iron hydroxide, manganese oxide, and calcium carbonate solids. 
• Dual media gravity filtiation to remove any floe in the clarifier overflow. 
• Air stiipping to remove VOCs, with off-gas tieatment by granular activated 

carbon. 

Off-Site Disposal. Following tieatment, the tieated groundwater would be reinjected 
into the groundwater through two injection wells, installed within the northern part 
of the Puchack Well Field property. This location was selected based on USGS 
simulations (EX-I). This open space location is upgradient of the chromium plume 
and would provide a recharge zone to replenish the extiacted groundwater and 
enhance the process of flushing out the contaminants in the aquifer. The precipitated 
metals sludge must be dewatered such that it passes the paint filter test. The sludge 
would be tiansported off-site and disposed in a landfill provided it passes the TCLP 
test. For costing purposes, it is assumed that the sludge would be non-hazardous. 

The pilot scale system tested by CDM in 1992 determined that the sludge yield was 
approximately 740 pounds dry weight solids per million gallon of water tieated 
(assuming 2.6 mg/L chromium in the raw water). The amount of sludge generated 
for the EX-I pumping scenario would therefore be approximately 1,600 pounds per 
day for 1,525 gpm of pumping. 

Operation and Maintenance. System maintenance that includes maintenance of the 
wells, pumps, and tieatment process equipment would be conducted as required 
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during the operation of the groundwater pump and tieat system. Treatment 
performance monitoring would include collection of groundwater samples from 
locations upgradient and downgradient of the plume. Results from the monitoring 
program would be used to evaluate performance and adjust operating parameters for 
the extiaction system, as necessary. Periodic samples would be collected from various 
sample locations along the groundwater tieatment tiain to verify the effectiveness of 
each tieatment process. Effluent samples would be collected to verify compliance 
with the NJPDES discharge requirements. 

Long-Term Groundwater Monitoring. Long-term groundwater monitoring would be 
implemented as described under Alternative 2. 

Institutional Contiols. Institutional contiols would be implemented as described 
under Alternative 2. 

Periodic Site Reviews. Periodic site reviews would be implemented as described 
under Alternative 2. 

Duration of Alternative. This alternative would be evaluated for the 30-year FS 
evaluation period. At the end of this period, a new evaluation would be performed 
based on the data available at that time. 

4.2.4.1 Overall Protection of H u m a n Health and the Environment 

This alternative would actively extiact contaminated groundwater. The main goal of 
pumping groundwater is to create an inward gradient that would prevent further 
downgradient migration of the plume. This alternative would be protective of human 
health and the environment by the active pumping and tieatment of contaminated 
groundwater. It is expected that the pumping would reduce the plume size and 
contaminant concentiation in the aqueous phase. Currently there are no risks to 
human health as the groundwater is not being used. Institutional contiols would 
prevent potential future human exposure to groundwater contamination. 
Monitoring and 5-year reviews would assess the site conditions and effectiveness of 
the remedy. 

4.2.4.2 Compliance wi th ARARs 

Contaminant concentiations in the plume and plume size are expected to decrease 
over time. It is not known if the PRGs would be met within the 30-year time frame. 
Long-term groundwater monitoring would be conducted to assess the degree of 
compliance achieved over time. 

No location-specific ARARs were identified. The reducing agent may contain sodium. 
NJDEP has a groundwater quality standard of 50 mg/L for sodium. Based on 
preliminary calculations (Appendix A), this standard would not be exceeded once 
sodium is dispersed into the aquifer. Other reducing agents that do not contain 
sodium would also be considered during the design phase. This alternative would be 
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designed to comply with action-specific ARARs. Table 2-3 summarizes the action-
specific ARARs and their FS considerations. 

4.2.4.3 Long-Term Effectiveness and Permanence 

Magnitude of Residual Risk - The main purpose of this alternative is to create an 
inward gradient that would prevent downgradient migration of the contaminated 
plume. Specifically, the pumping would remove chromium contaminated 
groundwater. Currently there are no risks to human health as the groundwater is not 
being used as potable water. With the institutional contiols in place, the possibility of 
exposure to the chromium is remote. 

The time to achieve PRGs can be estimated based on pore volume flushing predicted 
from the EX-1 groundwater model. The time for 1 pore volume flush for EX-1 can be 
predicted based on the time to flush the combined volume of water in the 
Intermediate Sand and Lower aquifer of 820 million gallons (see Section 2.4.1 for 
volume estimates). Using the iEX-1 flow rate of 1,525 gpm (788 million gallons/year) 
this would indicate that the one pore volume would take 1.04 years. Using the 
estimated chromium plume retardation factor calculated in the range of 26 to 65 (see 
Appendix A), it is expected that many pore volume flushes, and perhaps many 
decades would be required to reduce the chromium concentiation to the 70 ug/L NJ 
Groundwater Quality Standard using pump and tieat. Also, the time to capture 95 
percent of the groundwater particles was predicted by the modeling scenario to be 20 
years for the Intermediate Sand and 15 years for the Lower aquifer (see Appendix B). 
These particle tiack time frames are for groundwater molecules and do not take into 
account chromium retardation factors. Given the uncertainties for these estimates, a 
time period of 30 years, the maximum specified for evaluation under EPA's RI/FS 
Guidance Document (EPA 1988), is assumed for implementation of this alternative. 

Adequacy of Contiols - Pump and tieat would be considered an effective hydraulic 
barrier as it has been demonstiated at other sites. The effectiveness would be 
confirmed through groundwater monitoring. 

Risks to human health would also be contiolled through institutional contiols, which 
would require continued enforcement as well as monitoring. 

Reliability of Contiols - The reduction in contaminant concentiation and the 
implementation of institutional contiols, if properly enforced, would be considered 
reasonably adequate and reliable for protection of human health. 

Long-term groundwater monitoring enables risks to be tiacked over a period of time, 
but would not reduce them. The long term effectiveness of this alternative would be 
assessed through routine groundwater monitoring and five-year reviews. As part of 
the monitoring program, groundwater would be sampled to monitor plume properties 
over time to verify that the plume would not be increasing over time or posing an 
unacceptable risk to human health and the environment. 
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4.2.4.4 Reduction of Toxicity, Mobili ty or Volume through Treatment 

The TMV of the contaminants in groundwater would be reduced through extiaction 
and tieatment. The extiaction is designed to remove chromium and VOCs that are 
commingled with the chromium plume. The collected metals sludge would be 
disposed in a landfill where it would pose no threat to human health or the 
environment. The VOCs captured on the vapor phase carbon adsorption units 
following air stiipping would be destioyed during the carbon regeneration process. 

4.2.4.5 Short-Term Effectiveness 

Installation and operation of the groundwater extiaction and tieatment system would 
have significant impact to the community. Short-term and low-level generation of 
fugitive dust or contaminant emissions may occur during construction. Operational 
contiols, along with air monitoring for both particulates and relevant contaminants,, 
would be estabhshed to minimize these impacts. Site workers would wear 
appropriate PPE to minimize exposure to contamination and as protection from 
physical hazards. Also, tiaffic patterns would be impacted due to potential road 
closings during constiuction activities. 

The constiuction period for this alternative is estimated at two years (one year for 
mobilization/site preparation/demobihzation and one year for tieatment plant 
procurement/ installation). A 30-year duration for this alternative was assumed for 
O&M and for long-term groundwater monitoring. It is not known if PRGs would be 
met in the aqueous plume at the end of this time period. No adverse impacts to 
habitats or vegetation would be anticipated from activities associated with 
implementation of this alternative. 

4.2.4.6 Implementabi l i ty 

This alternative would be implemented using conventional construction methods and 
equipment The technical feasibihty of pump and tieat systems has been established 
through the pilot study at this site. 

Implementation of this alternative would require access to the nei?ghboring properties. 
The availability of open space within Pennsauken Township is limited. The tieatment 
plant location shown on Figure 4-6 is an open field which is a private property. Siting 
the plant at this location would require a long-term lease or land acquisition by the 
government, which could be administiativeiy difficult. Also, the extiaction and 
reinjection piping is proposed to be located on township and private property, which 
would require access agreements and/or permanent easements. 

Services and materials for implementation of this alternative are readily available. 
Competitive bids can be obtained from a number of equipment vendors and 
remediation contiactors. 

No problems are forecasted for the implementation and enforcement of the 
institutional contiols. 
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4.2.4.7 Cost 

A summary of the capital costs, annual O&M costs, five-year review costs, and total 
present worth is provided in Table 4-1. The details of this alternative and the 
associated estimated costs are presented in Appendix C. Total net present worth for 
this alternative is $32.1 million over the 30-year life of the alternative. 

4.2.4.8 State Acceptance 

NJDEP comments on the draft report have been incorporated into this Final FS report. 

4.2.4.9 Communi ty Acceptance 

Alternatives are evaluated based upon their acceptance by the community. 
Community acceptance would be formally addressed after the Final FS and Proposed 
Plan have been issued to the public for formal review and comment, and a pubhc 
meeting/availability session has been held by EPA. Community acceptance would be 
formally addressed in the Responsiveness Summary of the ROD, which would present 
EPA's responses to the pubUc's questions and concerns regarding the FS and 
Proposed Plan. 

4.3 Comparative Analysis of Alternatives 
This section compares the alternatives using the evaluation criteria. Table 4-2 
summarizes the comparison among the four alternatives. 

4.3.1 Overall Protection of Human Health and the Environment 
Alternative 1 would not provide protection of human health, since contamination 
would persist in grotmdwater, and potential exposure to contaminated groundwater 
would not be restiicted. Currently there are no risks to human health because the 
groundwater at the site vicinity is not being used. However, the plume could, even 
though tmlikely, potentially migrate towards the municipal well fields east of 
Westfield Avenue. Alternatives 2 through 4 are equally protective of human health by 
implementation of institutional contiols restiicting the future use of contaminated 
groundwater. However, Alternative 2 would not provide active tieatment, unless 
MNA is unsuccessful and in situ tieatment is required as a contingency remedy. 
Alternatives 3 and 4 would utilize active tieatment processes to reduce the TMV of the 
contaminants. Sub-alternative 3C would attain the PRGs in a shorter time than other 
alternatives. 

Alternative 1 would not be protective of the environment. Alternatives 2 through 4 
would provide protection of the environment as the contaminant migration would be 
restiicted by natural attenuation or active tieatment, and would not migrate to other 
media. 

4.3.2 Compliance with ARARs 
Alternative 1 would not comply with chemical-specific ARARs, while Alternative 2 
through 4 would comply with chemical-specific ARARs. Long-term groundwater 
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monitoring is a component of Alternatives 2 through 4 to assess the degree of 
compliance achieved over time. All alternatives would comply with location- and 
action-specific ARARs. 

4.3.3 Long-Term Effectiveness and Permanence 
Alternative! would not be effective or permanent, since the contaminants would not 
be destioyed and there would be no mechanism to prevent future exposure to 
contaminated groundwater. Alternatives 2 through 4 would be effective when 
combined with institutional contiols. Alternative 2 would rely on natural 
mechanisms to reduce contaminant levels. Alternative 2 would utilize in situ 
tieatment as a contingency remedy should the chromium plume migrate pass the 
comphance zone. Alternatives 3 and 4 would provide additional protection as the 
contaminants would be removed and tieated. The effectiveness of these alternatives 
would be assessed through routine groundwater monitoring and five-year reviews. 
The relative degrees of effectiveness and permanence associated with Alternatives 2, 
3, and 4 are generally comparable. 

4.3.4 Reduction of Toxicity, Mobility or Volume through 
Treatment 

Alternative 1 would not reduce the TMV through tieatment as no active tieatment of 
contaminated groundwater occurs. The toxicity and volume would eventually be 
reduced for Alternative 1 due to natural attenuation. Alternative 2 would reduce the 
TMV through tieatment if in situ tieatment is necessary as a contingency to MNA. 
Alternatives 3 and 4 would significantly reduce the TMV of the contaminated 
groundwater. These alternatives involve reduction and immobilization of 
contaminants in the groundwater, thereby reducing toxicity. It is anticipated that Sub-
alternative 3C would achieve the most reduction in TMV, followed by Alternative 4. 

4.3.5 Short-Term Effectiveness 
For Alternative 1, protection of the community and workers during remedial activities 
would not be applicable as no remedial action is occurring. Air monitoring, 
engineering contiols and appropriate worker PPE would be used to protect the 
community and workers for Alternatives 2 through 4. 

There are no potential adverse impacts associated with constiuction and 
implementation of Alternative 1. Constiuction of the injection wells under Alternative 
2 (if required as a contingency remedy) would have temporary negative impacts on 
the commercial business and the residences located near the proposed installation 
location. Alternative 3 would also have temporary impact to the commercial business 
and residences due to installation and operation of injection wells. 

Alternative 4 would have the greatest impact to the comxnunity. The pump and tieat 
system would be operated for approximately 30 years in the commercial business and 
residential areas. 
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4.3.6 Implementability 
Alternative 1 would be easiest both technically and administratively to implement. 
Alternatives 2 and 3 would be moderately difficult to implement. Alternative 4 is the 
most difficult to implement as there is limited space available to lay the piping and 
build the tieatment facility. Alternatives 2, 3 and 4 would require access agreements 
from the neighboring properties. 

4.3.7 Cost 
A summary of the cost estimates for each alternative is presented tn Table 4-1. 
Alternative 1 incurs no cost but also provides no protection to human health or the 
environment. Alternative 2 costs are low unless the in situ tieatment contingency 
remedy is required. Alternative 3 costs are higher than Alternative 2, and Alternative 
4 is the most expensive. Alternative 3 has higher uncertainty in cost. 

4.4 Cost Sensitivity Analysis 
Due to the innovative nature of the in situ tieatment, the cost estimates for 
Alternatives 2 and 3 are highly dependent on the effective radius of tieatment for each 
injection location. To assess the effect of the radius of tieatment on cost, a cost 
sensitivity analysis was performed. The spacing between injection points was 
reduced by 50% from the original assumptions and the resulting costs were calculated 
for Sub-alternatives 3A, 3B, and 3C. The results are presented in Table 4-3. A cost 
increase of up to 71 percent was experienced as a result of 50 percent reduction in 
injection point spacing. 

Other factors that could have significant effect on the cost estimates may include the 
injection duration at each location and the number of injection events. 
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Table 4̂ 1 
Cost Estimate Summary for Alternatives 2 through 4 

Puchack Well Field Superfund Site 

Item 
No. 

Item Description 

CAPITAL COSTS 

1 Work Plan Preparation 

2 Mobilization/Demobilization 
3 Construction Management 
4 Construction QC/Chenicial Analysis/H&S 

5 Permeable Reactive Barrier and Monitoring Wells 
6 Institutional Controls 

SUBTOTAL CONSTRUCTION COSTS 

7 General Contractor Fee (10% construction) 
8 Design Engineering 

9 Bench / Pilot Scale Studies 
10 Resident Engineering/Inspection 
11 Contingency (20%) 

TOTAL CAPITAL COSTS 

MONITORING COSTS 

12 PtDJect Planning and Organization 
13 Sampling Labor 

14 Sampling Equipment 

15 Sample Analysis and Data Validation 
16 Data Evaluation and Reporting 

TOTAL ANNUAL MONITORING COST 

ANNUAL O&M COSTS 

17 Groundwater Treatment Plant O&M 

MEDIA R E P L A C E M E N T 

18 Media Replacement, 5 yr 

FIVE YEAR REVIEW 

19 Five Year Review Report 

PRESENT WORTH 

20 Total Capital Costs 

21 O & M Costs/ (30 year duration) 

22 Media Change Out 
23 Long-term Monitoring Cost (30 year duration) 

24 Five Year Reviews (30 year duration) 

TOTAL PRESENT WORTH 

Alternative 2A | 

MNA 

$ 17,700 

$ 5,000 

$ 152,467 

. 
$ 17,700 
$ 192,867 

$ 19,287 

$ 38,573 

$ 19,287 

$ 38,573 

J 308,587 

$ 1,700 
$ 24,300 

$ 14,600 
$ 10,200 

$ 16,800 

S 67,600 

— 

— 

$ 35,300 

$ 308,587 

— 
— 

S 838,848 

$ 76,171 

$ 1,224,000 

MNA with 
Contingency 

$ 70,600 

$ 66,000 

$ 672,765 
$ 672,765 

$ 4,485,099 
$ 17,700 
S 5,984,929 

$ 598,493 

$ 500,000 
$ 750,000 
$ 400,000 

$ 1,196,986 

S 9,430,408 

I 1,700 
$ 32,400 

$ 18,800 

$ 13,400 
$ 16,800 

S 83,100 

_-

— 

$ 35,300 

$ 9,430,408 

_-
... 

$ 1,031,188 
J 76,171 

S 10,538,000 

Alternative 2B | 

MNA 

$ 17,700 

$ 5,000 

-
$ 152,467 

$ 17,700 
S 192,867 

$ 19,287 

$ 38,573 

$ 19,287 

$ 38,573 

$ 308,587 

$ 1,700 

$ 24,300 
$ 14,600 

$ 10,200 

$ 16,800 

S 67,600 

— 

--. 

$ 35,300 

$ 308,587 

— 
— 

S 838,848 

$ 76,171 

i 1,224,000 

MNA with 
Contingency 

$ 70,600 

$ 66,000 
$ 411,607 

$ 411,607 
$ 2,744,048 
$ 17,700 

J 3,721,562 

$ 372,156 
$ 500,000 

$ 1,000,000 
$ 400,000 

$ 744,312 

S 6,738,031 

$ 1,700 
$ 32,400 

S 18,800 

$ 13,400 

S 16,800 

$ 83,100 

— 

— 

S 35,300 

$ 6,738,031 

-.-
— 

$ 1,031,188 
$ 76,171 

$ 7,845,000 

Alternative 3A 

$ 70,600 
$ 66,000 

$ 1,035,310 
$ 1,035,310 

$ 6,902,069 
$ 17,700 
$ 9,126,989 

$ 912,699 
$ 500,000 

$ 750,000 
$ 500,000 

$ 1,825,398 

S 13,615,086 

$ 1,700 

$ 24,300 

I 14,600 
$ 10,200 

$ 16,800 

$ 67,600 

... 

... 

$ 35,300 

$ 13,615,086 

... 
— 

$ 838,848 

$ 76,171 

$ 14,530,000 

Alternative 3 8 

$ 70,600 
$ 66,000 
$ 789,544 

$ 789,544 

$ 5,263,624 
$ 17,700 
S 6,997,011 

$ 699,701 
$ 500,000 

$ 1,000,000 
$ 500,000 

$ 1,399,402 

$ 11,096,114 

$ 1,700 

$ 24,300 

$ 14,600 

$ 10,200 
$ 16,800 

I 67,600 

... 

S 35,300 

$ 11,096,114 

... 

S 838,848 
$ 76,171 

S 12,011,000 

Alternative 3C 

$ 70,600 
$ 66,000 

$ 1,283,936 

$ 1,283,936 
$ 8,559,574 
$ 17,700 
S 11,281,746 

$ 1,128,175 
$ 500,000 

J 1,000.000 
^$ 500,000 

$ 2,256,349 

S 16,666,269 

$ 1,700 

$ 24,300 

$ 14,600 
$ 10,200 
$ 16,800 

S 67,600 

$ 35,300 

$ 16,666,269 

... 

... 
S 838,848 

$ 76,171 

S 17,581,000 

Alternative 4 

$ 70,600 
$ 132,000 

$ 1,087,929 
$ 1,087,929 

$ 7,252,860 
$ 17,700 
$ 9,649,018 

$ 964,902 
$ 600,000 

$ 500,000 

$ 1,929,804 

S 13,643,723 

$ 1,700 
$ 24,300 

$ 14,600 

$ 10,200 
$ 16,800 

S 67,600 

S 1,395,197 

$ 19,564 

$ 35,300 

$ 13,643,723 

$ 17,313,005 

$ 242,770 

$ 838,848 
$ 76,171 

$ 32,115,000 
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Table 4-2 
Summary of Comparative Analysis of Remedial Alternatives 

Puchacic Well Field Superfund Site 
Pennsauken Township, New Jersey 

Evaluation Criteria 

Summary of Components 

Overall Protection of Hurran 
Health and the Environment 

Compliance with ARARs 

Long-term Effectiveness and 
Permanence 

Reduction of Toxicity, 
Mobility, and Volume through 
Treatment 
(TMV) 

Short-term Effectiveness 

Implementability 

Cost 

Alternative I 
No Action 

• No action 

Would not provide overall protection of human heallh and the environment because no 
remedial action would be implemented under this alternative, no mechanism to monitor the 
migration of contamination. 

Would not meet MCL for chromium {chemical specific ARAR). No location- or action 
specific ARARs were identified. 

Not considered a permanent remedy, contaminants would not be destroyed, except gradual 
reductions through natural anenuation. 

No reduction in TMV. 

There is no short-term impact to workers and the community as there is no remedial 
activity under this alternative. 

Could be easily implemented. 

SO 

Alternative 2 
MNA/In Situ Treatment (Contingency Remedyy Institutional Controls 

• Long-term groundwater monitoring 
• In situ treatment (contingency remedy) via permeable reactive barrier (Sub-alternative 2A) 
• In situ treatment (contingency remedy) via geochemical fixation (Sub-alternative 2B) 
• Instinitional conn-ols 
• Periodic site reviews 

Would be protective of human health and the environment through natural reduction processes including 
the use of available iron and manganese in the groundwater to reduce hexavalent chromium to trivalent 
chromium. This process is expected to occur primarily in the area downgradient of the plume, given that 
iron and manganese have become depleted within the plume. Monitoring would be used to evaluate the 
migration and reduction of contaminant concentrations through time. Should MNA prove unsuccessful, 
groundwater contamination would be reduced by in situ treatment, after reacting with the reducing agent 
injected either as a PRB or through geochemica] fixation. Instimtional controls would prevent funire 
exposure to chromium and contaminated groundwater. Monitoring would be used to evaluate the 
migration and reduction of contaminant concentrations through time. 

It is not known if this alternative would meet the chemical-specific ARARs within 30 years. Long-iemi 
groundwater monitoring would be conducted to assess the degree of compliance achieved over time. No 
location-specific ARARs were identified. Alternative would be designed to comply with action-specific 
ARARs. 

Natural anenuation would provide long-term protection by reducing the quantity of hexavalent 
chromium present in the groundwater, thereby reducing potential for further downgradient migration of 
the plume. If necessary, as a contingency, in situ treatment would be installed to further reduce plume 
migration and enhance long-term effectiveness. The groundwater in the contaminated area is not 
currently being used so there is no risk to current human receptors. Institutional conffols would restrict 
drilling of new drinking water wells in the contaminated area and protect against fUmre human health 
risks. 

No reduction in TMV through active treatment, unless in situ treatmeni is implemented as a contingency 
remedy. Contaminant concentrations would decrease slowly through natural attenuation-

Limited site work would be performed for MNA and would have minimal short-term impact to workers 
and the community. Should in situ treatment become necessary, as a contingency, construction could be 
performed without significant risk. Use of PPE by workers would minimize the exposure. A time period 
of 30 years is assumed for implementation of this alternative. 

MNA would be easily implementable. Should it become necessary, construction of an in situ treatment 
system would utilize conventional construction methods. Securing access to neighboring properties 
would be administratively difficult. Treatability study would be required for the is situ treatment. 

SI.2 million (Sub-alternative 2A - MNA) 
SlO.5 million (Sub-alternative 2A - MNA with Contingency) 

$1.2 million (Sub-alternative 2B - MNA) 
$7.8 million (Sub-alternative 2B - MNA with Contingency) 
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Table 4-2 
Summary of Comparative Analysis of Remedial Alternatives 

Puchack Well Field Superfund Site 
Pennsauken Township, New Jersey 

Evaluatiod Criteria 

Summary of Components 

Overall Protection of Human 
Health and the Environment 

Compliance with ARARs 

Long-term Effectiveness and 
Permanence 

Reduction of Toxicity, 
Mobility, and Volume 
(TMV) 

Short-term Effectiveness 

Implementability 

Cost 

Alternative 3 
In Situ Treatment/MNA/Institutional Controls 

• In situ treatment via permeable reactive banier, chromium plume > 1,000 îg/L (Sub-
altemalive 3A) 

• In sini treatment via geochemical fixation, chromium plume > 1,000 pg/L (Sub-
alternative 3B) 

• In situ treatment via geochemical fixation, chromium plume > 70 pg/L (Sub-altemative 
3C) 

• Long-term groundwater monitoring 
• Instimtional controls 
• Periodic site reviews 

In situ treatment would be effective in reducing hexavalent chromium to trivalent 
chromium in the highest areas of chromium contamination by injecting a reducing agent 
either as a PRB or through geochemical fixation. Institutional controls would prevent 
future exposure to chromium and contaminated groundwater. Monitoring would be used to 
evaluate the migration and reduction of contaminant concentrations through time. Natural 
attenuation processes would be effective in reducing chromium concentrations in the 
portion of the plume where in situ treatment is not being performed. 

The quantity of mobile hexavalent chromium would be greatly reduced through in situ 
treatment. It is not known if Sub-alternatives 3 A and 3B would meet the chemical-specific 
ARARs within 30 years. Sub-altemative 3C is expected to meet the PRGs in 5 to 10 years. 
Long-term groundwater monitoring would be conducted to assess the degree of compliance 
achieved over time. No location-specific ARARs were identified. Alternative would be 
designed to comply with action-specific ARARs. 

In sim treatment would immobilize chromium in the highest contamination areas, and 
provide long-term effectiveness. MNA in the remainder of the plume would minimize 
potential fiirther downgradient migration. The groundwater in the contaminated area is not 
cunently being used so there is no risk to current human receptors. Institutional controls 
would restrict drilling of new drinking water wells in the contaminated area and protect 
against fiiture human health risks. 

Reduction of TMV of the contaminants in groundwater would be achieved through 
treatment (reduction and immobilization). Contaminant concentrations outside the 
treatment area would decrease slowly through natural attenuation. 

Installation and operation of the in situ system would have significant impact to the 
community. Use of PPE would minimize exposure to workers. A time period of 30 years 
is assumed for implementation of this alternative. 

Construction of an in situ treatment systemwould utilize conventional construction 
methods. Securing access to neighboring properties would be administratively difficull. 

S14.5 million (Sub-alternative 3A) 
S12.0 milhon (Sub-alternative 38) 
$17.6 million (Sub-altemative 3C) 

Alternative 4 
Groundwater Extraction/Treatment/OfT-Site Disposal/Long-term Groundwater 

Monitoring/Institutional Controls 

• Installation of extiaction wells and submersible pumps 
• Groundwater treatment 
• Off-site disposal 
• Operation and maintenance 
• Long-term groundwater monitoring 
• Institutional controls 

. • Periodic site reviews 

Would be protective of human health and the environment by active pumping and treatment. Pumping 
would reduce the chromium contaminant plume size and concentrations, and the VOCs commingled with 
chromium contamination in the aqueous phase. Currently there are no risks to human health as the 
groundwater is not being used. Instimtional controls would pre vent, future exposure to chromium and 
contaminated groundwater Monitoring would be used to evaluate the migration and reduction of 
contaminant concentrations through time. 

Conlaminant concentrations in the plume and plume size are expected to decrease over time. It is not 
known if the PRGs would be met within 30 years. Long-term groundwater monitoring would be 
conducted to assess the degree of compliance achieved over time. No location-specific ARARs were 
identified. Alternative would be designed to comply with action-specific ARARs. 

Groundwater pump and treat would create an inward gradient that would remove chromium 
contaminated groundwater from the aquifer, and prevent downgradient migration of the contaminated 
plume. The groundwater in the contaminated area is not currently being used so there is no risk to 
cunent human receptors. Institutional controls would restrict drilling of new drinking water wells in the 
contaminated area and protect against future human health risks. 

Reduction of TMV of the chromium and VOC contaminants in groundwater would be achieved through 
treatment. The contaminants would be removed through groundwater extraction. Chromium would be 
reduced and precipitated out of solution, and the sludge would be disposed in an offsite landfill. VOCs 
collected on the carbon adsorption media following air stripping would be destroyed during the carbon 
regeneration process. 

Installation and operation of the groundwater pump and treatment system would have significant impact 
to the community. Use of PPE would minimize exposure to workers. A time period of 30 years is 
assumed for implementation of this alternative. 

Construction of a groundwater pump and treatment system would utilize conventional construction 
methods. Securing access to neighboring properties would be administratively difficult. 

$32.1 million 
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Table 4-3 
Cost Sensitivity Analysis for Sub-alternatives 3A, 3B, and 3C 

Puchack Well Field Superfund Site 

Alternative 

3A 
3B 
3C 

Base Cost 

$ 
$ 
$ 

14,530,000 
12,011,000 
17,581,000 

Cost for Reduced 
Injection Well Spacing 

$ 24,865,000 
S 19,490,000 
S 29,853,000 

Cost Increase 
S 10,335,000 
$ 7,479,000 
S 12,272,000 

% Cost 
Increase 

71% 
62% 
70%o 

Notes: 
Permeable reactive barrier well spacing reduced from 40 ft to 20 ft for Sub-altemative 3A, and 
geochemical injection well spacing reduced from 150 ft to 75 ft for Sub-alternatives 3B and 3C. 
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Figure 4-1 
Alternative 2A 

Monitored Natural Attenuation 
with In Situ Treatment 

(PRB Contingency Remedy) 
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Figure 4-2 
Alternative 2B 

Monitored Natural Attenuation 
with In Situ Treatment 

(Geochemical Fixation Contingency Remedy) 
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Figure 4-3 
Alternative 3A 

In Situ Treatment (PRB) 
for Chromium Plume > 1000 ug/l 
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Figure 4-4 
Alternative 3B 

In Situ Treatment (Geochemical Fixation) 
for Chromium Plume > 1000 ug/l 
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Appendix A 

Calculations of Aquifer Reductive Capacity and Quantity of Chromium in Plumes 
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Olsen, Roger 

From: Tsang, Frank 

Sent; Wednesday, January 04, 2006 1 2,50 PM 

To: Gilroy, Daniel; Olsen, Roger; Kenney, Eric 

Subject: RE: Puchack FS calculations 

i^ki c ^ c \ u [ ; \\'^\o^ 

j / o ^ y / / c , r 

Page I of 3 

/ c > / / 3 
AZLC/^< 

There is a typo on that page; the correct groundwater velocity should be 310 feet per year. Velocity = K * 
gradient / porosity = ISOfeetyday •0,0017 ft/ft/0.3 =0.85 ft/day ' 365 days/yr = 310 ftVyr j 

From: Gilroy, Daniel 
Sent: Wednesday, Januan/ O'l, 2006 1:12 PM 
To: Olsen, Roger; Kenney, Eric 
Cc: Tsang, Frank 
Subject: RE: Puchack FS calculations 

Eric: Use the tiand calculation sheet you drafted and create an excel spreadsheet for the calculations, only 
calculate in English units (not metric), see Roger's comments on calculations. This will be included as a table in 
the report (or in a separate appendix). Then, redraw your plume area estimate maps on 1 sheet lo accompany the 
calculalions 

Roger/Frank: 

1, The groundwater velocity on Page 5-10 is now much lower at approximately 10 ft/yr than the ones you listed 
below 620 to 720 ft/year, please verify. Also page 5-10 lists the porosity as 0 3, so perhaps use 0.3. Attached is 
the final Rl report text, the figures appear to be the same, Frank can you confirm? 

1 checked the data points and have these suggested changes, based on using the same set of wells within each 
aquifer unit for all of the various parameters, 

2 Cr concentrations, I will use total Cr (CrS-̂  is the appropriate value to use, however, lotal Cr values are more 
conservative) For mlermediale aquifer, ) used figure 4-14. I will use all values near the southeast edge of Ihe 
plume (3,3, <2, 0,82, 3570, 6310, 1720 and 320 ug/L), If I only use values downgradient, I will have three values 
(3 3, 0.82 and <2) For the deep aquifer, I used figure 4-15, For all values near edge of plume 4,9 (and 0.59 
collocated), 0,81, 543, 237, 1460 and 2 ug/L, For only those outside: 4,9 (and 0.59 collocated), 0.81 and 2. 

3. DO concentrations: For Intermediate, I used figure 5 2, For all values near edge of plume: 0,03,1.05,0 43, 
1 7, 3,99, 7,13 and 3.0 mg/L For outside the plume: 3.99, 7.13 and 3,0 mg/L For lower aquifer, I used figure 
5 3, For all values near edge of plume 19, ,31, ,23, 1,29. (and 2.90 and 3,59 collocated) 0 11, and 1.74 mg/L, 
For outside the plume: 1,29, (and 2.90 and 3 59 collocated) 0,11. and 1,74 The values of 2 9 and 3,59 appear lo 
be from the same well and will be averaged before use, 

4 pH values: For intermediate, I used figure 4-27 For all values near Ihe SE plume edge: 4,43.4 94,4 64. 
4 92, 5.82, 5 9, and 6 18 For values outside Ihe plume', 4,92, 5,82, and 5 9, For Ihe lower aquifer, I used figure 
4-28 For all values near-SE plume edge- 5,51, 6,15. 6 02. 4 69, (and 4 71 and 4,96 collocated). 6,14, and 6,22, 
For outside the plume: 6 14, 4,89. (4,71 and 4,96 collocated), and 6,22, 4,71 and 4,96 appear to be from the 
same well and will be averaged before use (after appropriate conversion from log values). 

From: Olsen, Roger 
Sent: Monday, Januarv 02, 2006 7:49 PM 
To: Kenney, Eric; Gilroy, Daniel 
Cc; Tsang, Frank 
Subject: RE: Puchack FS calculations 

Eric For mass, general equation if you have a contoured isoconcentration figure- (area between two 
isoconcentralions lines)x(thickness of aquifer in Ihe area of isoconcentralions lines)x(porosily)x(average 
concentrations of the two isoconcentralion lines)x(appropriale conversion factors). If you only have exlenr(which 
is what you probably have), use average concentration or try lo estimate various areas of concenlration. Do you 
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Olsen, Roger 

From: Gilroy. Daniel 

Sent: Wednesday. January 04. 2006 11,12 AM 

To: Olsen. Roger; Kenney, Eric 

Cc: ' Tsang. Frank 

Subject: RE; Puchack FS calculations 

Eric: Use the hand calculation sheet you drafted and create an excel spreadsheet for the calculations, only 
calculate in English units (not metric), see Roger's comments on calculations. This will be included as a table in 
Ihe report (or in a separate appendix). Then, redraw your plume area estimate maps on 1 sheet to accompany the 
calculations, 

Roger/Frank: 

1. The groundwater velocity on Page 5-10 is now much lower at approximately 10 ft/yr than the ones you listed 
below 620 to 720 ft/year, please verify. Also page 5-10 lists the porosity as 0.3. so perhaps use 0.3, Attached is 
Ihe final Rl report text, the figures appear to be Ihe same, Frank can you confirm? 

I checked the data points and have these suggested changes, based on using the same set of wells within each 
aquifer unit for all of the various parameters: 

2. Cr concentrations. I will use total Cr (C^6-̂  is the appropriate value to use; however, total Cr values are more 
f y conservative). For intermediate aquifer. I used figure 4-14. 1 will use all values near the southeast edge of the 

plume (3.3, <2, 0.82, 3570. 6310, 1720 and 320 ug/L). If I only use values downgradient, I will have three values 
(3,3, 0,82 and <2). For the deep aquifer, I used figure 4-15. For all values near edge of plume: 4,9 (and 0,59 
collocated), 0,81, 543, 237, 1460 and 2 ug/L, For only those outside: 4.9 (and 0.59 collocated), 0.81 and 2 

(A: 9''-D. s<Aj Az, 
3. DO concentrations: For Intermediate, I used figure 5.2. For:all values near edge of plume: 0,03,1,05.0,43, 
1,7, 3.99, 7,13 and 3,0 mg/L. For outside the plume: 3,99, 7.13 and 3,0 mg/L. For lower aquifer. I used figure 
5,3, For all values near edge of plume- .19. .31, .23.J.29/j;and 2.90 and 3.59 collocated) 0.11, and 1.74 mg/L. - • 
For outside the plume: 1.29, (and 2.90 and 3 59 collocated) 0.11, and 1,74, The values of 2,9 and 3.59 appear to 

] be from the same well and will be averaged before use. / / ~̂Cf r :?.^ ^ J . s y J / ? 

\ 4, pH values: For intermediate. I used figure 4-27. For all values near the SE plume edge: 4.43,4.94,4,64, 
I 4,92, 5.82, 5.9. and 6,18, For values outside Ihe plume: 4.92, 5,82, and 5.9, For the lower aquifer, I used figure 
I 4-28. For all values near SE pluire edge: 5.51, 6.15, 6.02,4.89, (and 4.71 and 4.96 collocated), 6.14, and 6,22. 
I For outside the plume: 6.14, 4-8|<_(4,,71 and 4.96 collocated), and 6.22, 4,71 and 4.96 appear to be from the 
i. same well and will be averageoBefore use (after appropriate conversion from log values). 

y (y. s-<̂  r 9.7f t- v,??^ j A j 

î-

From; Olsen, Roger 
Sent: Monday, Januan/ 02, 2006 7:49 PM 
To: Kenney, Eric; Gilroy, Daniel 
Cc: Tsang, Frank 
Subject: RE: Puchack FS calculations 

Eric: For mass, general equaiion if you have a contoured isoconcentration figure: (area between two 
isoconcenlrations lines)x(thickness of aquifer m the area of isoconcentralions lines)x(porosity)x(average 
concentrations of the two isoconcentration lines)x(appropriate conversion factors). If you only have extent (which 
Is what you probably have), use average concentration or try lo estimate various areas of concentration. Do you 
have mass values for both the intermediate and lower aquifers? We should have both values. 

Eric, Dan and Frank: To do the other calcuations. I need groundwater velocity/porosity, Cr concentrations, DO 
concentrations and pH values in the area just down gradient (southest) of the plumes for the intermediate and 
lower aquifers. 

I could not find a new Rl on the eRoom RAC2 site (only found FS and HHRA). Therefore, 
have (dated 6/14/02) to den/ive the following: 

used the Rl that I 
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t*i 
CLIENT _ _ _ / B A -

PROJECT PvcKacK fS 
JOB NO 

DATE CHECKED 

DETAIL- Plume /4feft5 

Am 

r^A'\-?nw\t 

CHECKED BY £>. G i r l r e 

f-

COMPUTED BY / X p n r i r o 

DATE _ L / l L / ^ Z ! 
PAGE NO. / 0^ I 

/i8-kMi/« 

AS-ccn^x 

'A£-Pnwi5 

'/!?-pmi4 
C-IM 

/2^/a 

-.44-PA1i/6 

>J3-PnW5 

A9P^VI4 

/!5-P/n;/aa 

A6- ccnwx 
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A C - ^ c J / i r ^ 

/ J / / J 

Name.Esiimale of Areal Extent of Plume and Quantily ol Chrmium in Groundwater Plumes 

Int Sand 
Area (sf) Area (acres) Volume (soil) (cl) 

3,029.745 70 60,594,900 

assume saturated with porosily = 0.315 
vol. water (cf) vol, water (I) mass of Cr (ug) kg 

19.147.988 541.888.060 1,281023E + 12 

Lower Aq 
Area (sf) Area 

3.559.215 
acres) Volume (soil) (cf) 

82 320.329.350 

assume saturated with porosily= 0,283 
vol. water (cf) vol. water (I) mass of Cr (ug) kg 

90,653.206 2.565.485.731 3,71739E + 12 

d=20fl 

lb 
1281 2823 

d=90ft 

lb 
3717 8192 

C/2 (Af 

A7i& I 

3 A/7 

Porosity 
Inl Sand 

Average 

Porosity 
Lower Aq 

0,304 
0,330 
0,308 
0,307 
0,323 
0,348 
0,295 
0.316 

0,244 
0,281 
0,307 
0,284 

0,170 
0224 
0,315 
0,315 
0,268 
0,235 
0 367 
0,644 
0,222 
0 241 
0,381 
0,187 
0,209 
0,347 
0,233 
0 179 

Int Sand 

1 
2 
3 
4 
-5 
6 
7 
8 
9 

Sum 

Weight 

Lower Aq 

1 
2 

, 3 
4 
5 
6 
7 
8 
9 

Sum 

Weighle 

Avg, (Cr] 
Area (sf) 

111777 

317682 
400044 
458874 

447108 
370629 
458874 

241203 
223554 

3029745 

ed Avg 

Avg, [Cr] 

Area (sf) 

247086 
470640 

352980 
494172 

352980 
400044 

423576 
329448 
488289 

3559215 

d Avg 

Cone (ug/L) 
910 

1730 
766 

3010 
3570 
6310 
1720 

320 
100 

2364 

Cone (ug/L) 
129 

2220 
427 
1450 

185 
543 
237 
1460 
4810 

1449 

Product 
1,02E-t-O8 
5 5E+08 

3,06E-^08 
1,38E-i-09 
1,6E•̂ 09 

2,34E-^09 
7,89E-^08 

77184960 
22355400 
7.16E-^09 

Product 
31874094 

1 04E-t-09 

1,51Ê •08 
7,17E-^08 

65301300 

2,17E-^08 
1E-^08 

4,81E-^08 
2,35E-^09 
5,16E-^09 
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t-i 
CLIENT E p f t JOB NO. ^ COMPUTED BY / > ' S>̂ ,-. 

PROJECT P<^rM i^cX F S DATE CHECKED 5 " / i ^ l o Z 
DETAIL h fi'Cpn^X^ - ^ A J ^ D F A ' CHECKED BY J . (T) r?nW r"-.. 

DATE 5~//6 / o fc 

.̂̂  PAGE NO. ' 

-- • 0 
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3c '̂  ^-ccA^J 
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CLIENT FP6-

PROJECT f u L LlK..t. K 

DETAIL 

JOB NO. . 

DATE CHECKED S ^ IPC 
CHECKED BY f j ^ A r M A l J - O 

COMPUTED BY Z ^ ^ ' - - fn-u/jvy.-7. 

DATE 'Sli^/t>^ 
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Appendix B 

USGS Groundwater Modeling Simulations 
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Scenario Ex Situ 

Short Name: ex 

Water Use: Baseline pumpage data is used. Baseline pumpage is the average 1998-2000 
water use plus projected withdrawals from the proposed Delaware Gardens 
well. 

Description: Ex Situ treatment. Most of the remedial pumpage is from the Intermediate 
Sand. Remedial pumpage rate is 1500 gpm from the Intermediate Sand and 
25 gpm from the middle aquifer. The treated water is discharged into the 
Delaware River. 

Results: Particles tracked from chromium areas in the Middle, Intermediate Sand, 
and Lower aquifers are all captured. The longest travel time was 36 years, 
however, 95% of the particles in each aquifer had travel times less than 15 
years. 
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Forward tracking and contributing area 
of remedial wells in the Middle 
aquifer in scenario EX 

Sapt8mb8r05;2002 DRAFT 

L a y e 
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Remedial Pumpage in 
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3 
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8 0 
1 4 

2 
2 

E S Extent of VOC plume near Puchack 

;4 < 
m i 

o 

Travel time to Remedial wells < 20 years 

Travel time to Remedial wells > 20 years 

Simulated heads 

Pathlines from chromium pliune 
to discharge areas. Travel times 0 to 
20 years. 

Pathlines from chromium plume 
to discharge areas. Travel times 
greater than 20 years. 

Well location. Size is variable 
based on pumpage. 
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Forward tracking and contributing area 
of remedial wells in the Intermediate 
sand in scenario EX 

September 05, 2002 DRAFT 

L a y e 
md 1 
i s a r 
1 wr 
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Remedial Pumpage in 
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2 
2 

o 

Extent of VOC plume near Puchack 

Travel time to Remedial wells < 20 years 

Travel time to Remedial wells > 20 years 

Simulated heads 

Pathlines from chromium plume 
to discharge areas. Travel times 0 to 
20 years. 

Pathlines from chromium plume 
to discharge areas. Travel times 
greater than 20 years. 

Well location. Size is variable 
based on pumpage. 
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Forward tracking and contributing area 
of remedial wells in the Lower 
aquifer in scenario EX 

SoptsmberOS, 2002 ur iAr 1 

Remedial Pumpage in 

Ml D 
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2 
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Extent of VOC plume near Puchack 

Travel time to Remedial wells < 20 years 

Travel time to Remedial wells > 20 years 

Simulated heads 

Pathlines from chromiimi plume 
to discharge areas. Travel times 0 to 
20 years. 

Pathlines from chromimn plume 
to discharge areas. Travel times 
greater than 20 years. 

o Well location. Size is variable 
based on pumpage. 
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Scenario Ex Situ -I 

Short Name: ex-I 

Water Use: Baseline pumpage data is used. Baseline pumpage is the average 1998-2000 
water use plus projected withdrawals from the proposed Delaware Gardens 
well. 

Description: Ex Situ treatment. Most of the remedial pumpage is from the Intermediate 
Sand. Remedial pumpage rate is 1500 gpm from the Intermediate Sand and 
25 gpm from the middle aquifer. The treated water is reinjected uito 2 wells 
updip of the plume into the Lower aquifer. 

Results: All particles from the Middle aquifer are captured. Particles from the 
Intermediate sand and Lower aquifer both flow dovradip to the Park Avenue 
well field. The longest travel times are in the Middle aquifer where 20 
percent of the particles have travel times greater than 30 years. Travel times 
for 95 percent of the particles from both the Intermediate sand and Lower 
aquifer were less than 20 years. 
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Forward tracking and contributing area 
of remedial wells in the Middle 
aquifer in scenario EX-I 

Septsmber 05, 2002 D R A F T 

Remedial Pumpage in GPM 
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|%*| Travel time to Remedial wells < 20 years 

Travel time to Remedial wells > 20 years 

Simulated heads 

Pathlines from chromium plume 
to discharge areas. Travel times 0 to 
20 years. 

Pathlines from chromiiim plume 
to discharge areas. Travel times 
greater than 20 years. 

o Well location. Size is variable 
based on pimipage. 
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Forward tracking and contributing area 
of remedial wells in the Intermediate 
sand in scenario EX4 

Ssptombar 05, 2002 D R A F T 

Remedial Pumpage in GPM 
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jijf c Travel time to Remedial wells < 20 years 

o 

Travel time to Remedial wells > 20 years 

Simulated heads 

Pathlines from chromium plume 
to discharge areas. Travel times 0 to 
20 years. 

Pathlines from chromiimi plume 
to discharge areas. Travel times 
greater than 20 years. 

Well location. Size is variable 
based on pumpage. 
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Forward tracking and contributing area 
of remedial wells in the Lower 
aquifer in scenario EX-L 

September 05, 2002 DRAFT 

Remedial Pumpage in GPM 

Ml D Rl 2 5 
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: ^£ 
Travel time to Remedial wells < 20 years 

Travel time to Remedial wells > 20 years 

Simulated heads 

— Pathlines from chromium plume 
to discharge areas. Travel times 0 to 
20 years. 

— Pathlines from chromium plume 
to discharge areas. Travel times 
greater than 20 years. 

O^ Well location. Size is variable 
based on pumpage. 
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Scenario Ex Situ-Morris - 1 

Short Name: ex-md-i 

Water Use: Water use is the baseline pumpage data except that the Morris well field is 
pumping at it's allocated 20 MDG. For other users the baseline pumpage is 
the average 1998-2000 water use plus projected withdrawals from the 
proposed Delaware Gardens well. 

Description: Ex Situ treatment. Most of the remedial pimipage is from the Intermediate 
Sand. Remedial pumpage rate is 1500 gpm from the Intermediate Sand and 
25 gpm from the middle aquifer. The freated water is reinjected into 2 wells 
updip of the plume into the Lower aquifer. 

Results: All particles from the Middle aquifer are captured. Travel times in the 
Middle aquifer are more than 45 years at 10 percent of the particles. Some 
of the particles in the Intermediate sand flow to the Morris well field. Travel 
times 95% of the particles originating in the Intermediate sand are less than 
6 years. Some particles originating in the Lower aquifer flow to the Park 
Ave. well field. Travel times for all of these particles are less than 16 years. 
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Forward tracking and contributing area 
of remedial wells in the Middle 
aquifer in scenario EX-MD^ 

SopternberOb, 2002 D R A F T 

Remedial Pumpage in GPM 
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Travel time to Remedial wells > 20 years 

Simulated heads 

Pathlines from chromium plume 
to discharge areas. Travel times 0 to 
20 years. 

Pathlines from chromium plume 
to discharge areas. Travel times 
greater than 20 years. 

Well location. Size is variable 
based on pumpage. 
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Forward tracking and contributing area 
of remedial wells in the Intermediate 
sand in scenario EX-MD-[ 

S«ptomber05, 2002 D R A F T 
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Extent of Chromium 

| |# i Extent of VOC plume near Puchack 

ffÂ  Travel time to Remedial wells < 20 years 

o 

Travel time to Remedial wells > 20 years 

Simulated heads 

Pathlines from chromium plume 
to discharge areas. Travel times 0 to 
20 years. 

Pathlines from chromium plume 
to discharge areas. Travel times 
greater than 20 years. 

Well location. Size is variable 
based on pumpage. 
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Forward tracking and contributing area 
of remedial wells in the Lower 
aquifer in scenario EX-MD-I 

September 05 , 2002 DRAFT 

Remedial Pumpage in GPM 
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Extent of Chromium 

Extent of VOC plume near Puchack 

Travel time to Remedial wells < 20 years 

Travel time to Remedial wells > 20 years 

Simulated heads 

Pathlines from chromium plume 
to discharge areas. Travel times 0 to 
20 years. 

Pathlines from chromium plume 
to discharge areas. Travel times 
greater than 20 years. 

Well location. Size is variable 
based on pumpage. 
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Scenario Ex Situ-Morris - R 

Short Name: ex-md-r 

Water Use: Water use is the baseline pumpage data except that the Morris well field is 
pumping at it's allocated 20 MDG. For other users the baseline pumpage is 
the average 1998-2000 water use plus projected withdrawals from the 
proposed Delaware Gardens well. 

Description: Ex Situ treatment. Most of the remedial pumpage is from the Intermediate 
Sand. Remedial pumpage rate is 1500 gpm from the Intermediate Sand and 
25 gpm from the middle aquifer. The freated water is applied to a recharge 
basin near the Puchack well field property. 

Results: Particles fracked from chromium areas in the Middle, Intermediate Sand, 
and Lower aquifers are all captured. The longest fravel time was 24 years, 
however, 95% of the particles in each aquifer had travel times less than 13 
years. 
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Forward tracking and contributing area 
of remedial wells in the Middle 
aquifer in scenario EX4vID-R 

September 05 , 2 0 0 2 DRAFT 

Remedial Pumpage in GPM 
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Extent of Chromium 

Extent of VOC plume near Puchack 

Travel time to Remedial wells < 20 years 

Travel time to Remedial wells > 20 years 

Simulated heads 

— Pathlines from chromium plume 
to discharge areas. Travel times 0 to 
20 years. 

— Pathlines from chromium plume 
to discharge areas. Travel times 
greater than 20 years. 

o Well location. Size is variable 
based on pumpage. 
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Forward tracking and contributing area 
of remedial wells in the Intermediate 
sand in scenario EX-MD-^ 

Ssptombor 05, 2002 D R A F T 

Remedial Pumpage in GPM 
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kvS>. Extent of Chromium 

^ M Extent of VOC plume near Puchack 

fea Travel time to Remedial wells < 20 years 

Travel time to Remedial wells > 20 years 

— Simulated heads 

— Pathlines from chromium plume 
to discharge areas. Travel times 0 to 
20 years. 

— Pathlines from chromium plume 
to discharge areas. Travel times 
greater than 20 years. 

/~\ Well location. Size is variable 
based on pumpage. 
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Forward tracking and contributing area 
of remedial wells in the Lower 
aquifer in scenario EX-MD^ 

September 05 , 2002 DRAFT 

Remedial Pumpage in GPM 
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Extent of VOC plume near Puchack 

^ ^ Travel time to Remedial wells < 20 years 
teas 

o 

Travel time to Remedial wells > 20 years 

Simulated heads 

Pathlines from chromium plume 
to discharge areas. Travel times 0 to 
20 years. 

Pathlines from chromium plume 
to discharge areas. Travel times 
greater than 20 years. 

Well location. Size is variable 
based on pumpage. 
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Scenario MNA 

Short Name: mna 

Water Use: Baseline pumpage data is used. Baseline pumpage is the average 1998-2000 
water use plus projected withdrawals from the proposed Delaware Gardens 
well. 

Description: Monitored Natural Attenuation. 

Results: All particles from the Middle and Lower aquifer fiow to the Park Ave well 
field. A few particles originating in the Intermediate Sand aquifer flow to 
the Marion well field. Travel times for 20%f the particles originating in 
the Middle and Intermediate sand are longer than 4^ears, while 20 percent 
of the particles in the Lower aquifer have fravel times longer than 22 years. 
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Forward tracking in the Middle 
aquifer in scenario MNA 

SopMmbor05,2002 D R A F T 
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Extent of Chromium 

Simulated heads 

Pathlines from chromium plume 
to discharge areas. Travel times 0 to 
20 years. 

Pathlines from chromium plume 
to discharge areas. Travel times 
greater than 20 years. 

Well location. Size is variable 
based on pumpage. 
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Forward tracking in the Intermediate 
sand in scenario MNA 

September 05, 2002 DRAFT 
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Extent of Chromium 

Sunulated heads 

Pathlines from chromium plume 
to discharge areas. Travel times 0 to 
20 years, 

Pathlines from chromium plume 
to discharge areas. Travel times 
greater than 20 years. 
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Forward tracking in the Lower aquifer 
in scenario MNA 

SoptombsrOS, 2002 DRAFT 
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Extent of Chromiiim 

— Simulated heads 

— Pathlines from chromium plume 
to discharge areas. Travel times 0 to 
20 years. 

— Pathlines from chromiimi plume 
to discharge areas. Travel times 
greater than 20 years. 

o Well location. Size is variable 
based on pumpage. 
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Scenario MNA-Morris 

Short Name: mna-md 

Water Use: Water use is the baseline pumpage data except that the Morris well field is 
pumping at it's allocated 20 MDG. For other users the baseline pumpage is 
the average 1998-2000 water use plus projected withdrawals from the 
proposed Delaware Gardens well. 

Description: Monitored Natural Attenuation. 

Resuhs: All of the particles from the Middle aquifer flow to the Morris well field. 
Travel times for 20 % of these particles axe longer than 43 years. Most of 
the particles originating in both the Intermediate sand and Lower aquifer 
flow to the Park Ave well field. The remainder of these particles flow to the 
Morris well field. Twenty percent of the particles in the Intermediate sand 
have travel times greater than 42 years and twenty percent of the particles in 
the Lower aquifer had fravel times greater than 17 years. 

4 0 0 2 0 1 



Forward tracking in the Middle 
aquifer in scenario MNA^vlD 

SopWmbsr 05, 2002 D R A F T 

L a y e r 
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T r a v e l t i m e in years 
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py. Extent of Chromium 

— Simulated heads 

— Pathlines from chromium plume 
to discharge areas. Travel times 0 to 
20 years. 

— Pathlines from chromium plume 
to discharge areas. Travel times 
greater than 20 years. 

(y\ Well location. Size is variable 
based on pumpage. 
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Forward tracking in the Intermediate 
sand in scenario MNA-MD 

S«ptamb.r 05, 2002 D R A F T 
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Extent of Chromium 

Simulated heads 

Pathlines from chromium plume 
to discharge areas. Travel times 0 to 
20 years. 

Pathlines from chromium plume 
to discharge areas. Travel times 
greater than 20 years. 
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Forward tracking in the Lower aquifer 
in scenario MNA-MD 

September 05 , 2002 DRAFT 

L a y e r 
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R S Extent of Chromium 

— Simulated heads 

— Pathlines from chromium plume 
to discharge areas. Travel times 0 to 
20 years. 

— Pathlines from chromiimi plume 
to discharge areas. Travel times 
greater than 20 years. 

(y\ Well location. Size is variable 
based on pumpage. 
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Scenario MNA-DelgardOff 

Short Name: mna-nodg 

Water Use: Water use is the baseline pumpage data except that the Delaware Gardens 
well is not pumping. Baseline pumpage is the average 1998-2000 water use 
plus projected withdrawals from the proposed Delaware Gardens well. 

Description: Monitored Natural Attenuation. 

Results: All of the particles in the Middle, Intermediate sand, and Lower aquifer 
flow to the Park Ave well field. Twenty percent of the particles originating 
in the Middle, Intermediate sand and Lower aquifers have travel times of 
greater than 40, 53, and 17 years respectively. 
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Forward tracking in the Middle 
aquifer in scenario MNA-NFODG 

September 05, 2 0 0 2 DRAFT 
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Extent of Chromium 

Simulated heads 

Pathlines from chromium plume 
to discharge areas. Travel times 0 to 
20 years. 

Pathlines from chromium plume 
to discharge areas. Travel times 
greater than 20 years. 

Well location. Size is variable 
based on pumpage. 
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Forward tracking in the Intermediate 
sand in scenario MNA^ODG 

September 05, 2002 D R A F T 
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| |*a Extent of Chromium 

Simulated heads 

Pathlines from chromium plume 
to discharge areas. Travel times 0 to 
20 years. 

Pathlines from chromium plume 
to discharge areas. Travel times 
greater than 20 years. 
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Forward tracking in the Lower aquifer 
in scenario MNA-NODG 

September 05 , 2002 DRAFT 
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Extent of Chromium 

— Simulated heads 

— Pathlines from chromium plume 
to discharge areas. Travel times 0 to 
20 years. 

— Pathlines from chromium plume 
to discharge areas. Travel times 
greater than 20 years. 

(y\ Well location. Size is variable 
based on pumpage. 
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Appendix C 

Detailed Cost Estimates for Alternatives 
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Alternative 2A: MNA/ In Situ Treatment (Permeable Reactive Barrier Contingency Remedy)/Institutional Controls 
Puchack Well Field Superfund Site 

Item No. Item Description 

CAPITAL COSTS 
Construction Costs 
1. Work Plan Preparation 
2. Mobilization/Demobilization 
3. Construction Management 
4. Construction QC/Chemcial Analysis/H&S 
5. Permeable Reactive Banier and Monitoring Wells 
6. Institutional Controls 

SUBTOTAL CONSTRUCTION COSTS 
General Contractor Fee (10% construction) 
Design Engineering 
Bench / Pilot Scale Studies 
Resident Engineering/Inspection 
Contingency (20%) 

TOTAL CAPITAL COSTS 

ANNUAL MONITORING COSTS 
7. Project Planning and Organization 
8. Sampling Labor 
9. Sampling Equipment 
10. Sample Analysis and Data Validation 
11. Data Evaluation and Reporting 

Total Annual Monitoring Costs 

FIVE YEAR REVIEW 

12. Five Year Review Report 

PRESENT WORTH OF COSTS 

13. Total Capital Costs 
14. Long-tenn Monitoring (30 year duration) 
15. Five-Year Reviews (30 year duration) 

TOTAL PRESENT WORTH 

Quantity 

1 

Unit Cost 
MNA with 

Contingency 

S 70,600 
$ 66,000 
S 672,765 
S 672,765 
S 4,485,099 
$ 17,700 

$ 1,700 
$ 32,400 
$ 18,800 
S 13,400 
$ 16,800 

$ 35,300 

Unit 

LS 
LS 
LS 
LS 
LS 
LS 

LS 
LS 
LS 
LS 
LS 

LS 

MNA 

Cost 

$17,700 
$5,000 

-

$152,467 
$17,700 

$192,867 
$19,287 
$38,573 

-
$19,287 
$38,573 

$308,587 

$1,700 
$24,300 
$14,600 
$10,200 
$16,800 
$67,600 

$35,300 

$308,587 
$838,848 
$76,171 

$1,223,607 

Total Cost 
MNA with 

Contingency 

$ 70,600 
$ 66,000 
$ 672,765 
$ 672,765 
$ 4,485,099 
$ 17,700 

$ 5,984,929 
$ 598,493 

500,000 
750,000 

$ 400,000 
$ 1,196,986 

$ 9,430,408 

$ 1,700 
$ 32,400 
$ 18,800 
$ 13,400 
$ 16,800 
S 83,100 

$ 35,300 

( 
$ 9,430,408 
$ 1,031,188 
$ 76,171 

$ 10,537,767 

1,224,000 S 

Additional Cost of Contingency 9,314,000 

COM 
Draft Feasibility Study Report 

400211 
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Job No. 3223-102 
Project Puchack Groundwater FS 
Subject Allemative 2A - Cost Backup 

Prepared by: EDK._ 
Checked by: DGG_ 

No. 1 Work Plan Preparation (includes WP, HASP, CQC & Chemical QC plans) 

Assume 2 persons for 2 months. 
Assume salary rale of S35/hour. 
Assume salary multiplier of 3. 

2 persons x $ 3 5 /hour x 40 hours/week x 4 2 weeks/month x 

= $ 70,560 
Assume: 70,600 

2 month x 3 multiplier 

No. 2 Mobilization/Demobilization 

Materials/supplies 
Utilities during construction 
Temp Facilities 
Misc. 

6 month; x 
6 month.' x 
6 months x 

. 6 month; x 

2000 per mo 
2000 per mo 
2000 per mo 
5000 per mo 

Total: 

$ 
S 
$ 
$ 
$ 

12,000 
12,000 
12,000 
30,000 
66,000 

No. 3 Construction Management 

PM at 5% of construction cost 
Construction supervision/oversight at 10% of construction cost 

Total: 

224,255 
448,510 

672,765 

No. 4 QC/Chemical Analysis/Health and Safety 

QC at 5% of construction cost 
Chemical analysis at 5% of construction cost 
Health and Safety at 5% of construction cost 

Total: 

224,255 
224,255 
224,255 

672,765 

PuchackJA rev 2; WP Mob HS 400212 
Page 1 of 8 



Job No. 3223-102 

Project Puchack Groundwater FS 

Subject Alternative 2A - Cosi Backup 

Prepared by: 
Checked by: ^ 

_EDK_ 

DGG 

5 Total Construction Costs 

Monitoring Wells 
Injection Points 
PRB Material and Injection 

354,834 See page 4 for details 
1,442,467 See page 5 for details 
2,687,798 See page 6 for details 

Total Construction Cost 4,485,099 

No. 6 Institutional Controls 

Filing of the necessary paperwork lo secure groundwater Classification Exemption Area (CEA) 

Assume 1 persons for I month. 
Assume salary rate of $35/hour. 
Assume salary multipher of 3. 

i person x 35 /hour X 40 hours/week 4.2 weeks/month x 1 month x 3 multiplier 

! 7,640 
17,700 

Puchack_2A rev 2; Cap Detail 
400213 
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Job No. 3223-102 
Project: Puchack Groundwater FS 
Subject: Alternative 2A- Cost Backup 

Monitoring Well Installation 

Prepared by: 
Checked by: 

_EDK_ 
DGG 

Intermediate Monitoring Well 
Assume a depth of 150 ft 

Mud Drilling, 4" Dia 
Mud Drilling, 4" Dia 
2-inch Stainless Steel 
10 slot screen 
Concrete Pad 2' x 2' x 4' 
Bentonite Seal 
Silica Sand 

5' Steel protective casing 
Well Development 
Decon of equipment 
Drum 

Total for One Intermediate Well 

100 ft 
50 ft 

130 ft 
20 ft 

1 ea 
1 ea 

20 ft 
1 LS 
3 hr 
1 day 
4 each 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

47 perLF 
51 perLF 
30 perLF 
20 perLF 

118 each 
53 each 
14 per If 

200 each 
160 per hr 
112 per day 
90 each 

4,678 
2,562 
3,900 

393 
118 
53-

286 
200 
480 

.112 
360 

13,142 

Deep Monitoring Well 
Assume a depth of 250 ft 

Mud Drilling, 4" Dia 
Mud Drilling, 4" Dia 
2-inch Stainless Steel 
10 slot screen 
Concrete Pad 2' x 2' x 4' 
Bentonite Seal 
Silica Sand 
5' Steel protective casing 
Well Developinent 
Decon of equipment 
Drum 

100 ft 
150 ft 
160 ft 
90 ft 

1 ea 
1 ea 

90 ft 
1 LS 
3 hr 
1 day 
6 each 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

$ 
$ 
$ • 

47 perLF 
51 perLF ' 
30 perLF 
20 perLF 

118 each 
53 each 
14 per If 

200 each 
160 per hr 
112 per day 
90 each 

4,678 
7,686 
4,800 
1,768 

118 
53 

1,285 
200 
480 
112 
540 

Total for One Deep Well 

Misc Items 
Drum disposal 
Development/Decon Water Disposal 
Driller oversight 
Driller mobilization 
Tank Rental 
Well Development Equipment 
Contingency 
Total misc. 

100 each 
40000 gal 

34 day 
1 LS 
2 tank (2 
2 week 
1 LS 

1,000 gal) 

X 

X 

X 

X 

X 

X 

X 

S 
$ 
$ 
$ 
$ 
$ 
$ 

120 each 
0.35 gal 
600 per day 

3,899 each 
1,225 each 

236 week 
1,000 each 

21,720 

12,000 
14,000 
20,400 

3,899 
2,450 

472 
1,000 

54,221 

Total Cost for 8 Intermediate and 9 Deep wells S 354,834 
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Job No. 3223-102 
Project Puchack Groundwater FS 
Subject Alternative 2A - Cost Backup 

Prepared by: EDK_ 
Checked by: DGG_ 

Injection Wells 
Intermediate Injection Well 
Assume a depth of 1 50 ft, with 20 ft of screen 

Mud Drilling, 4" Dia 
Mud Drilling, 4" Dia 
2-inch Carbon Steel 
10 slot screen 
Concrete Pad 2' x 2' x 4' 
Bentonite Seal 
Silica Sand 
5' Steel protective casing 
Decon of equipment 
Well Development 
Drum & Disposal 

Total for One Intermediate Injection Well 

Deep Injection Well 
Assume a depth of 250 ft, with 90 ft of screen 

Mud Drilling, 4" Dia 
Mud Drilling, 4" Dia 
2-inch Carbon Steel 
10 slot screen 
Concrete Pad 2' x 2' x 4' 
Bentonite Seal 
Silica Sand 
5' Steel protective casing 
Decon of equipment 
Well Development 
Drum & Disposal 

Total for One Deep Injection Well 

100 ft 
50 ft 

130 ft 
20 ft 

1 ea 
1 ea 

20 ft 
1 LS 
1 day 
3 hr 
4 each 

x $ 
X $ 

X S 

X S 

X $ 

X S 

X S 

X S 

X $ 

X 

X 

47 perLF 
51 perLF 
30 perLF 
20 perLF 
18 each 
53 each 

S 14 per If 
S 200 each 
$ 112 per day 
S 160 perhr 
S 210 each 

100 ft 
150 ft 
160 ft 
90 ft 

1 ea 
1 ea 

90 ft 
1 LS 
1 day 
3 hr 
6 each 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

$ 
$ 
$ 
S 
S 
$^ 
S 
S 
S 
S 
$ 

47 
51 
30 
20 

118 
53 
14 

200 
112 
160 
210 

perLF 
perLF 
per LF 
perLF 
each 
each 
per If 
each 
per day 
per hr 
per h'r 

4,678 
2,562 
3,900 

393 
118 
53 

' 286 
200 
112 
480 
840 

13,622 

4,678 
7,686 
4,800 

, 1,768 
118 
53 

1,285 
200 
112 
480 

1,260 

22,440 

For this Alternative, 40 Deep and 40 Intermediate Injection Wells are needed 

Total Cost S 1,442,467 

Puchack_2A rev 2; Injection Points 

400215 
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Job No. 3223-102 
Project Puchack Groundwater FS 
Subject Alternative 2A - Cost Backup 

Prepared by: 
Checked by: _ 

_EDK_ 
DGG 

Reducing Agent Material Cost (using Sodium Dithionite) 

Spacing btw # of injection 
Delivery point spacing and configuration PRB Length, feet wells, feet weils 
Middle aquifer 
Intennediate Sand 
Lower aquifer 

Total Mass of Chromium in Plume 
Assume 40% of plume treated 
Based on stoichiometry 1.5 mole reagent/ mole Cr 
@ 174 g/mole 

Factor of Safety of 10, dilution, buffering capacity of aquifer 
Cost of Reagent SlOOO/ton 

Water 5,000,000 gallons 

0 
1600 
1600 

Total Injection Points 

40 
40 
40 

5000 kg 
2000 kg 

0 
40 
40 
80 

10040 kg 

110 tons reagent 
$110,000 

$5 per/1 OOOgalion 
$25,000 

96154 moles Chromium 
3S462 moles Chromium 
57700 moles Reagent 

11 tons 

Total Chemical Cost $135,000 

Reducing Agent Cost Based on-
Notes on an Engineering Forum Roundtable Dicussion on Permeable Reactive Walls 
U.S. EPA Technical Support Project Meeting, January 1997. Adjuxt for inflation ' 

Injection Points Labor 

Assume 5 days per injection point, total 400 

Crew 323 

1 Foreman 
4 Laborers 
1 Injection Equipment 
1 3 Ton Truck 

Per day 

Total Cost 

$ 
S 

$ 
s 
$ 

= $ 

358 
1,327 
3,497 

194 
5,375 X 

2,149,960 

$2,149,960 

400 Days 

Injection Monitoring 

Monitoring points 
10 intermediate sand 
10 Lower aquifer 
Misc well installation cost 

131,416 
217,200 

54.221 

Total monitor ing well cost 402,838 

Puchack 2Arev2, PRB Material 
400216 
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Job No 3223-IQ2 

Project Puchack Groundwater FS 

Subject Aitcmative 2A - Cost Backup 

Prepared by: 

Checked by: 
_EDK_ 

DGG 

Annual O&M 

Assume annual monitoring on iong-term basis 

7 Project Planning and Organization 

Assume I Project Manager (£̂  S40 per hour for 4 hours 

Assume 1 Engineer @ $30 per hour tor 8 hours 

Assume 1 Technician ((̂  S20 per hour for 8 hours 

Assume salar>' multipher of 3 

$ 40 per hour x 
S 30 per hour X 

$ 20 per hour \ 
% 1,680 per sampling event 
S 1,700 per sampling event 

4 hours X 
8 hoars x 

5 hours X 

3 multiplier H 
3 multiplier H 
3 multiplier 

Assume: 

No. 8 Sampling Labor 

Assume 3 persons for 12 days x 10 hour days (® $30 per hour 
Assume 3 wells per day including purging and sampling 
Two Sampling personnel and one Sample Management Organizer/Field Team Leader 
Assume salary multiplier of 3 

3 persons X 10 hours/day x 

= S 32,400 per sampling event 

No. 9 Sampling Equipment 

Assume satnple shipping cost of $200 per day 
Assume sampling equipment (e.g., bailers and pumps) @ S300 per day 
Assume PPE (^ $20 per person per day 

Assume miscellaneous materials (% SiOO per day 

12 days X $ 

Shipping 
Samphng Equipment 

Monitoring Equipmenf 

PPE 
Vehicle Rental 
PerDienn 

Misc 
IDW Disposal 

$ 200 per day x 

$ 300 per day x 
$ 200 per day x 
S 60 $'20perseL'2 set/day X 

$ 80 per day X 
$ . 1 2 0 Per person/day _ 

$ 200 per day x 
$ 2,000 each 

12 days = 
12 days = 
12 days = " 
!2 days -
12 days = 

.36 man days = 
12 davs = 
1 each 

$ 
J 

$ 
$ 
$ 
$ 
$ 
S 

2,400 
3,600 
2,400 

720 
960 

4,320 
2,400 
2,000 

30 / h . 3 multiplier 

S I8j800 per sampling event 

No. 10 Sample Analysis and Validation 
Assume groundwater samples will be collected from 20 monitoring wcils •*- 17 new wells; analyzed for chroinium and natural attenuation parameters 

Total No. of Samples. 37 samples 
2 field duplicate 
2 MS 
2 MSD 

12 Field Blank 

12 Tnp Blanks • 

67 Total Samples Per Sampling Event 

_ 200 per sample for biodegradation parameters 

200 Total sanple cost 

Analysis Cost: 67 samples x 
$ 13,400 per sampling event 

200 

Total Analysis & Validation: 13,400 

13,400 

No. 11 Data Evaluation and Reporting (Annual iMoniton'ng) 

Assume 2 senior engineers/chemjsts al $35 per hour for 80 hours per sampling event 

Assume salary multiplier of 3 

person x 35 per hour X 80 hours X 3 multiplier 
= S 16,800 

Puchack_2A rev 2; Sampling Event 

4 0 0 2 1 7 
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Job No.- 3223-102 Prepared by: EDK_ 

Project Puchack Groundwater FS Checked by DGG_ 

Subject Alternative 2A - Cosi Backup 

No. 12 Five Year Review 

Assume 5-year reviews will be conducted every 5 years for 30 years. 
Work includes: 5-year review of groundwater monitoring data 

Preparation of report 

Assume 2 person for I weeks 

Assume salary rate of $35/'hour. 

assume multiplier of 3 

2 persons X $ 35 /bour x 40 hours/week x 4.2 weeks/month x I month x 3 multiplier 

Assume: S 35,280 

$ 35,300 

Puchack_2Arev2; 5 yr Review 4 0 0 9 1 ft Page 7 of 8 



Job No. 3223-102 Prepared by: EDK_ 
Project Puchack Groundwater FS Checked by: DGG_ 
Subject Alternative 2A - Cost Backup 

Present Worth Calculations 

Assume discount rate is 7%: 0.07 

This is a problem of the from find (P give A, i, n) or { P/A,i,n) 

P = Present Worth 
A= Annual amount 
i = interest rate 
Assume 7% 

No. 14 Total Long-term Monitoring Costs 

This is a recurring cost every year for 30 years 

This is a problem of the form find (P given A, i, n) or ( P/A,i,n) 

P = Present Worth 
A= Annual amount 
1 = interest rate 
Assume 7% 

Looking up the interest rate tables for i = 7% and n = 30 years , 

The multiplier for (P/A) = 12.409 

No. 15 Total 5-year review costs 

This cost occurs every 5 years for 30 years. 

nedd to calculate the effective interest rate î  

Given i - 7% (nominal interest rate) 0.07 
m = # of compounding periods = 5 years 5 

1, = ( l + i r - l ,0 .403= 40% / 5 years 

P = A * ( l+ i )" - l 

1(1+0" 

in this case there are 6 - Syr periods 
n = 6 6 
i = 0.403 

The multiplier is = 2.158 

Puchack 2A rev 2; Present Worth Page 8 of 8 
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Alternative 2B: MN.4/ In Situ Treatment (Geochemical Fixation Contingency Remedy)/ Institutional Controls 
Puchack Well Field Superfund Site 

Item No. Item Description 

CAPIT.4L COSTS 
Conslruction Costs 
!. Work Plan Preparation 
2. Mobilization/Demobilization 
3. Construction Management 
4. Construction QC/Chemical Analysis/H&S 
5. Geochemical Fixation and Monitonng Wells 
6. Institutional Controls 

SUBTOTAL CONSTRUCTION COSTS 
Genera] Contractor Fee (10% construction) 
Design Engineenng 
Bench / Pilot Scale Smdies 
Resident Engineering/Inspection 
Contingency (20%) 

T0T.4L CAPITAL COSTS 

ANNUAL MONITORING COSTS 
7. Project Planning and Organization 
8. Sampling Labor 
9. Sampling Equipment 
10. Sample Analysis and Data Validation 
11. Data Evaluation and Reporting 

Total Annual Monitoring Costs 

FIVE YEAR REVIEW 

12. Five Year Review Report 

PRESENT WORTH OF COSTS 

!3. Total Capital Costs 
14. Long-term Monitonng (30 year duration) 
15. Five-Year Reviews (30 year duration) 

TOTAL PRESENT WORTH 

Quantit>' 

1 

Unit Cost 
MNA with 

Contingency 

S 70,600 
S 66,000 
$ 411,607 
% 411,607 
$ 2,744,048 
S 17,700 

$ 1,700 
$ 32,400 
$ 18,800 
$ 13,400 
$ 16,800. 

$ 35,300 

Unit 

LS 
LS 
LS 
LS 
LS 
LS 

LS 
LS 
LS 
LS 
LS 

LS 

MNA 

Cost 

$17,700 
55,000 

-
-

$152,467 
$17,700 

$192,867 
$19,287 
$38,573 

$19,287 
$38,573 

$308,587 

$1,700 
$24,300 
$14,600 . 
$10,200 
$16,800 
567,600 

535,300 

$308,587 
$838,848 
$76,171 

$1,223,607 

Total Cost 
MNA with 

Contingency 

$ 70,600 
S 66,000 
S 411,607 
$ 411,607 
$ 2,744,048 
$ 17,700 

$ • 3,721,562 
$ 372,156 
$ 500,000 
$ 1,000,000 
$ 400,000 
$ 744,312 

5 6,738,031 

$ 1,700 
$ 32,400 
$ 18,800 
$ 13,400. 
$• . 16,800 
5 83,100 

5 . 35,300 

$ 6,738,031 
$ 1,031,188 
$ 76,171 

$ 7,845,390 

Assume $ 1,224,000 $ 7,845,000 

Additional Cost of Contingency 6,621,000 

COM 
Draft Feasibiltiy Study Report 

400220 
Page 1 of 1 



Job No, 3223-102 
Project Jiichack Groundwater FS 
Subject Allemative 2B - Cost Backup 

Prepared by: _EDK_ 
Checked by: _DGG_ 

No. 1 Work Plan Preparation (includes WP, HASP, CQC & Chemical QC plans) 

Assume 2 persons for 2 months. 
Assume salary rate of $35/hour. 
Assume salary multiplier of 3 

2 persons x $ 35 /hour x 40 hours/week x 4,2 weeks/month x 2 month x 3 multiplier 

= $ 70,560 

Assume: 70,600 

!No. 2 Mobilization/Demobilization 

Matenals/supplies 
Utilities during consmjction 
Temp Facilities 
Misc 

6 months x 
6 months x 
6 months x 
6 months X 

2000 per mo 
2000 per mo 
2000 per mo 
5000 per mo 

Total: 

$ 
$ 
$ 
$ 
S 

12,000 
12,000 
12,000 
30,000 
66,000 

No. 3 Construction Management 

PM at 5% of construction cost 
Construction supervisioa'oversight at 10% of construction cost 

Total: 

137,202 
274,405 

411,607 

No. 4 QC/Chemical Analysis/Health and Safety 

QC al 5% of construction cost 
Chemical analysis at 5% of construction cost 
Health and Safety at 5% of construction cost 

Total: 

137,202 
137,202 
137,202 

411,607 

Puchack_2B Rev 2, WP Mob HS 

400221 
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Job No. 32-3-102 Prepared by, _ E D K _ 

Projecl Pucliack Groundwaier FS Checked by _ D G G _ 

Subject AUemarive 2B • Cost Backup 

No. 5 Tolal Construction Cost (labor & material) 

Monitoring Wells S 354,791 See page 4 for details 
Injection Points S 431,397 Sec page 5 for details 

Geochemical Fixation and Application S 1,957,860 See page 6 for details 

Total Construction Cost S 2,744,048 

6 Institutional Controls 
Filing of the necessary paperwork to secure groundwater Classification Exemption -Area (CEA) 

Assume 1 persons for I month. 
Assume salar>' lale of $35/hour. 
Assume salary mullipiier of 3, 

I person X $ 35 /liour x 40 hours/week 4,2 weeks/month x, I month x 3 multiplier 

= S 17,640 
S 17,700 

Puchack 2B Rev 2; Cap Detail Page 2 of 8 

400222 



Job No. 3223-102 
Project Puchack Groundwater FS 
Subject Alternative 2B - Cost Backup 

Prepareii by: 
Checketj by: 

_EDK 
DGG 

Monitoring Well Installation 

Intermediate Monitoring Well 
Assume a depth of 150 ft 

Mud Drilling, 4" Dia 
Mud Drilling, 4" Dia 
2-inch Stainless Steel 
10 slot screen 
Concrete Pad 2' x 2' x 4' 
Bentonite Seal 
Silica Sand 
5' Steel protective casing 
Well Development 
Decon of equipment 
Drum 

100 ft 
50 ft 

130 ft 
20 ft 

I ea 
1 ea 

20 ft 
1 LS 
3 hr 
1 day 
4 each 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

$ 
$ 
$ 
$ 
S 
$ 
$ 
$ 
$ 
$ 
$ 

47 perLF 
51 perLF 
30 perLF 
20 perLF 

118 each 
53 each 
14 per If 

200- each 
160 perhr 
112 per day 
90 each 

S 
$ 
$ 
$ 
S 

s 
s 
$ 
$ 

s 
s 

4,678 
2,562 
3,900 

393 
118 
53 

286 
200 
480 
112 
358 

Total for One Intermediate Well 13,140 

Deep Monitoring Well 
Assume a depth of 250 ft 

Mud Drilling, 4" Dia 
Mud Drilling, 4" Dia 
2-inch Stainless Steel 
10 slot screen 
Concrete Pad 2' x 2' x 4,' 
Bentonite Seal 
Silica Sand 

5' Steel protective casing 
Well Development 
Decon of equipment 
Drum 

Total for One Deep Well 

100 ft 
150 ft 
160 ft 
90 ft 

1 ea 
1 ea 

90 ft 
1 LS . 
3 hr 
1 day 
6 each 

X 

X 

X 

X 

X 

X 

x 
X 

X 

X 

X 

,47 perLF 
51 perLF 
30 perLF 
20 perLF 

118 each 
53 each 
14 per If 

200 each 
160 perhr 
112 per day' 
90 each 

S .4,678 
$ 7,686 
$ 4,800 
$ 1,768 
$ 118 
S 53 
$ 1,285 
$., 200 
$ 480 
S • 112 
$ 537 

$ 21,717 

Misc Items 
Dmm disposal 
Development/Decon Water Disposal 
Driller oversight 
Driller mobilization 
Tank Rental 
Well Development Equipment 
Contingency 
Total misc. 

100 each 
40000 gal 

34 day 

1 LS 
2 tank (21,000 gal) 
2 week 
1 LS, 

X 

X 

X 

X 

X 

X 

X 

$ 
$ 
$ 
$ 
$ 
$ 
$ 

120 each 
0.35 gal 
600 per day 

3,899 each 
1,225 each 

236 week 
1,000 each 

$ 
$ 
$ 
$ 
$ 
$ 
$ 
$ 

12,000 
14,000 
20,400 

3,899 
2,450 

472 
1,000 

54,221 

Total Cost for 8 Intermetliate and 9 Deep wells S 354,791 

Puchack_2BRev2; Wells 
400223 
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Job No. 3223-102 
Project Puchack Groundwater FS 
Subject Alternative 2B - Cost Backup 

Prepared by: _ E D K 
Checked by: _ D G G 

Injection Wells 
Intermediate Injection Well 
Assume a depth of 150 ft, with 20 ft of screen 

Mud Drilling, 4" Dia 
Mud Drilling, 4" Dm 
2-inch Carbon Steel 
10 slot screen 
Concrete Pad 2' x 2' x 4' 
Bentonite Seal 
Silica Sand 
5' Steel protective casing 
Well Development 
Drum & Disposal 

Total for One Intermediate Injection Well 

100 ft 
50 ft 

130 ft 
20 ft 

I ea 
1 ea 

20 ft 
1 LS 
3 hr 
4 each 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

$ 
$ 
$ 

s 
$ 
$ 
$ 
$ 
$ 
$ 

47 
51 
30 
20 

118 
53 
14 

200 
160 
210 

perLF 
per LF 
perLF 
perLF 
each 
each 
per If 
each 
per hr 
each 

4,678 
2,562 
3,900 

393 
118 
53 

286 
200 
480 
840 

13,510 

Deep Injection Well 
Assume a depth of 250 ft, with 90 ft of screen 

Mud Drilling, 4" Dia 
Mud Drilling, 4" Dia 
2-inch Carbon Steel 
10 slot screen 
Concrete Pad 2' x 2' x 4' 
Bentonite Seal 
Silica Sand 
Well Development 
5' Steel protective casing 
Decon of equipment 
Drum & Disposal 

Total for One Deep Injection Well 

100 ft 
150 ft 
160 ft 
90 ft 

1 ea 
1 ea 

90 ft . 
3 hr 
1 LS 
1 day 
6 each 

x 
X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

% 
$ 
$ 

s 
S 
$ 
$ 
$ 
$ 
S 
$ • 

47 
51 
30 
20 

118 
53 
14 

160 
200 
112 
210 

perLF 
perLF 
perLF 
per LF 
each 
each 
per If 
per hr 
each 
per day 
each 

$ 
$ 
S 
$ 
$ 

, , s • 

$ 

s 
- s 

$ 
$ 

, s 

. 4,678 
7,686 
4,800 
1,768 

118 
53 

1,285 
480 
200 
112 

1,260, 

22,440 

For this Alternative, 12 Intermediate and 12 Deep Injection Wells are needed 

Total Cost 431,397 

Puchack_2B Rev 2; Injection Points 400224 Page 4 of 8 



Job No. 3223-102 
Project Puchack Groundwater FS 
Subject Alternative 2B - Cost Backup 

Prepared by: _EDK_ 
Checked by: _DGG_ 

Geochemical Fixation Costs (using sodium metabisulfite) 

Delivery point spacing and 
configuration Injection Length, feet 
Middle aquifer 0 
Intermediate Sand 1600 
Lower aquifer 1600 

Total Injection Points 

Total Mass of Chromium 
Assume 40% of plume treated 
Based on stoichiometry 0.75 mole reagent/ mole Cr 
@ 190 g/mole 

Factor of safety of 20, dilution, buffering capacity of aquifer 
Cost of Reagent Sl/lb 

Water 5,000,000 gallons 
= 

Spacing btw U o 
weils, feet 

150 
150 
150 

5000 kg 
2000 kg 

• 5472 kg 

f injection 
wells 

0 
12 
12 
24' 

= 
= 
= 
= 

120 tons reagent 
$240,000 

S5 per/1 OOOgalion 
$25,000 

96154 moles Chromium 
38462 moles Chromium 
28800 moles Reagent 

6 tons 

Total Cost 5265,000 

Reducing Agent Cost Based on - vendor cost for similar injection material 

Injection Points Labor 

Assume 5 days per injection point, 2 applications. Total 240 

Crew B23 

1 Foreman 
4 Laborers , 
1 Injection Equipment 
1 3 Ton Truck 

Per day 

358 
1,327 
3,497 

194 
5,375 X 

,290,072 
240 davs 

Total Cost 

Injection Monitoring 

Monitoring points 
10 intermediate sand 
10 Lower aquifer 
Misc well installation cost 

Total monitoring well cost 

$1,290,072 

$ 131,396 
$ 217,170 
$ 54,221 

$ 402,788 

Puchack 2B Rev 2; Geo fix 
400225 
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Job No, 3223-102 
Project Puchack Groundwater FS 
Subject Alternative 2B • Cost Backup 

Prepared by. _EDK_ 
Checked by: _DGG_ 

Annual O&IVI 
Assume annual monitoring on long-term basis 

No. 7 Project Planning and Organization 
Assume 1 Projecl Manager @ S40 per hour for 4 hours 
Assume 1 Engineer (@ $30 per hour for 8 hours 
Assume 1 Technician @ $20 per hour for 8 hours 
Assume salary multiplier of 3 

Assume: S 

40 per hour X 
30 per hour x 
20 per hour X 

1,680 per sampling event 
1,700 per sampling event 

4 hours X 
8 hours X 
8 hours X 

3 multiplier -t-
3 multiplier -1-
3 multiplier 

No. 8 Sampling Labor 
Assume 3 persons for 12 days x 10 hour days @ $30 per hour 
Assume 3 wells per day including purging and sampling 
Two Sampling personnel and one Sample Management Organizer/Field Team Leader 
Assume salary multiplier of 3 

3 persons X 10 hours/day x 
$ 32,400 per sampling event 

12 days X $ 30 /h. 

No. 9 • Sampling Equipment 
Assume sample shipping cost of $200 per day 
Assume sampling equipment (e.g., bailers and pumps) ( 
As.sume PPE @ $20 per person per day 
Assume miscellaneous materials @ $200 per day 

Shipping 
Sampling Equipment 
Monitoring Equipment 
PPE 
Vehicle Rental 
Per Diem 
Misc 
IDW Disposal 

) $300 per day 

$ 200 per day \ 
$ 300 per day X 
$ 200 per day X 
$ 60 $'20 per sel/2 set /day x 
$ 80 per day x 
$ 120 Per person/day 
$ 200 per day x 
$ 2,000 eachx 

12 davs = 
12 days = 

12 days = 

12 days = 
12 days = 

36 man days = 
12 days = 
1 each 

$ 
$ 
$ 
$ 

• $ 
$ 
$ 
$ 

2,400 
3,600 

2,400 

720 

960 
4,320 
2,400 
2,000 

Assume: S 18,800 per sampling event 

No. 10 Sampie Analysis and Validation 
Assume groundwater samples will be collected from 20 monitoring weils + 17 new wells; analyzed for chromium and natural attenuation parameters 

Total No. of Samples: 37 samples 
2 field duplicate 
2 MS 
2 MSD 

12 Field Blank 
12 Tnp Blanks 
67 Total Samples Per Sampling Event 

Assume 200 per sample for biodegradation parameters 
200 Total sample cost 

Analysis Cost: 

= $ 
6*7 samples x 

13,400 per sampling event 
200 

Total Analysis & Validation; 
Assume: 

13.400 
13.400 

No. 11 Data Evaluation Reporting (Annual Monitoring) 
Assume 2 senior engineers/chemists at S35 per hour for 80 hours per sampling event 
Assume salary multiplier of 3 

2 
16,800 

person x 35 per hour X 80 hours x 3 multiplier 

Puchack_2B Rev 2; Sampling Event 

400226 
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Job No. 5223-102 

Project Puchack Groundwater FS 

Subject Alternative 23 - Cost Backup 

Prepared b y _ E D K _ 

Checked by: _ D G G _ 

No. 12 Five Year Review 

Assume 5-year reviews will be conducted every 5 years for 30 years. 
Work includes: 5-year review of groundwater monitonng data 

Preparation of report 

Assume 2 person for 1 weeks 

Assume salary rate of S35/1iour 

assume multiplier of 3 

2 persons x $ 

= $ 35,300 

35 /hour y. 40 hours/week 4,2 weeks/month x 3 multiplier 

Puchack_2B Rev2, 5 yr Review 400227 Page 7 of 8 



Job No, 3223-102 Prepared by; _EDK_ 
Project Puchack Groundwater FS Checked by; DGG_ 
Subject Alternative 2B - Cost Backup 

Present Worth Calculations 

Assume discount rate is 7%: 0.07 

This is a problem of the from find (P give A, i, n) or ( P/A,i,n) 

P = Present Worth 
A= Annual amount 
1 = interest rate 
Assume 7% 

No. 14 Total Long-term Monitoring Costs 

This is a recurring cost every year for 30 years 

This is a problem of the form find (P given A, i, n) or ( P/A,i,n) 

P = Present Worth 

A= Annual amount 
i = interest rate 
.Assume 7% - • 

Looking up the interest rate tables for i = 7% anri n = 30 years 
The multipher for (P/A) = , , . 12.409 

No. 15 Total 5-year review costs 

This cost occurs every 5 years for 30 years. 

nedd to calculate the effective interest rate î  

Given i = 7% (nominal interest rate) 0.07 
m = # of compounding periods = 5 years 5 

ie = (l+i) '"-l 0.403= 40% / 5 years 

P = A * (1+i)"-] 

1(1+1)" 

in this case there are 6 - Syr periods 
n = 6 6 
i = 0.403 

The multiplier is = 2.158 

Puchack 23 Rev 2; Present Worth - Page 8 of 8 
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Alternative 3A: In Situ Treatment (Permeable Reactive Barrier)/MNA/Institutional Controls 
Puchack Well Field Superfund Site 

Howell Township, New Jersey 

Item No. Item Description 

1, Work Plan Preparation 
2, Mobilization/Demobilization 
3. Construction Management 
4. . QC/Chemical Analysis/H&S 
5, Permeable Reactive Barrier and Monitoring Wells 
6. Institutional Controls 

SUBTOTAL CONSTRUCTION COSTS 
General Contractor Fee (10% construction) 
Design Engineering 
Bench / Pilot Scale Studies 
Resident Engineering/Inspection 
Contingency (20%) 

TOTAL CAPITAL COSTS 

ANNUAL MONITORING COSTS 
7, Project Planning and Organization 
8. Samphng Labor 
9. Sampling Equipment 
10. Sample Analysis and Data Validation 
11. Data Evaluation and Reporting 

Total Annual Monitoring Costs 

FIVE YEAR REVIEW 

12, Five Year Review Report 

PRESENT WORTH OF COSTS 

13, Total Capital Costs 
14. Long-term Monitoring (30 year duration) 
15, Five-Year Reviews (30 year duration) 

TOTAL PRESENT WORTH 

Quantity 

1 

Unit Cost 

S 70,600 
$ 66,000 
$ 1,035,310 
$ 1,035,310 
$ 6,902,069 
$ 17,700 

S 1,700 
$ 24,300 
S 14,600 
S 10,200 
$ 16,800 

$ 35,300 

Unit 

LS 
LS 
LS 
LS 
LS 
LS 

LS 
LS 
LS 
LS 
LS 

LS 

Extension 

S 70,600 
S 66,000 
S 1,035,310 
$ 1,035,310 
$ 6,902,069 
$ 17,700 

$ 9,126,989 
$ 912,699 

500,000 
750,000 

S 500,000 
$ 1,825,398 

S 13,615,086 

$ 1,700 
S 24,300 
S 14,600 
$ .10,200. 
$ , 16,800 
$ 67,600 

$ 35,300 

$. 13,615,086 
$ 838,848 
$ 76,171 

$ 14,530,106 

Assume $ 14,530,000 

COM 
Draft Feasibiltiy Study Report 

4 0 0 2 2 9 
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Job No, 3223-102 

Project Puchack Groundwatei FS 
Subject Alternative 3A - Cost Backup 

Prepared by: _EDK^ 
Checked by _DGG_ 

No. 1 Work Plan/CQCP/Chemjcal QCP/HASP Preparation 

Assume 2 persons for 2 months. 
Assume salary rate of $35/hour 
Assume salary multiplier of 3. 

2 persons X $ 35 /hour x 

= $ 70,560 

40 hours/week X 4,2 weeks/month x 2 month x 3 multiplier 

Assume: 70,600 

No. 2 Mobilization/Demobilization 

Materials/supplies 
Utilities during construction 
Temp Facilities 
Misc 

6 mo 
6 mo 
6 mo 
6 mo 

2000 per mo 
2000 per mo 
2000 per mo 
5000 per mo 

Total: 

12,000 
12,000 
12,000 
30,000 
66,000 

No. 3 Construction Management 

PM at 5% of construction cost 
Construction supervision/oversight at 10% of construction cost 

Total: 

345,103 
690,207 

1,035,310 

No. 4 QC/Chemical Analysis/Health and Safety 

QC at 5% of construction cost 
Chemical analysis at 5% of construction cost 
Healtti and Safety at 5% of construction cost 

Total: 

S 345,103 
$ 345,103 
$ 345,103 

$ 1,035,310 

Puchack 3A Rev 2; WP Mob HS 
400230 
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Job No. 322-1023 Prepared by; _ E D K _ 

Project Puchat:k Groundwater FS Checked by; __DGG_ 

Subject Alternative 3A - Cost Backup 

No. 5 Total Construction Cosi (labor & material) 

• Monitoring Wells $ ! 60,828 See page 5 for details 

Injection Points S 2,415,574 See page 4 for details 

PRB Mateiial & Application S 4,486,494 See page 6 for details 

Total Construction Cost S 6,902,069 

No. 6 Institutional Controls 

Filing of the necessary paperwork to secure groundwater Classification Exemption Area (CEA) 

Assunw I persons for 1 month. 
Assume salary rate of $35/^our. 
Assume salary multiplier of 3, 

I person X $ 35 /hour x 40 hours/week 4-2 weeks/month x 1 month x 3 multiplier 

. = $ 17,^40 
Assume: S 17,700 

Puchack 3 A R e v 2 ; Cap Detail Page 2 of 8 
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Job No. 3232-102 
Project Puchack Groundwater FS 
Subject Alternative 3A - Cost Backup 

Monitoring Well Installation 

Prepared by; EDK_ 
Checked by: _DGG_ 

Intermediate Monitoring Well 
Assume a depth of 150 ft 

Mud Drilling, 4" Dia 
Mud Drilling, 4" Dia 
2-inch Stainless Steel 
10 slot screen 
Concrete Pad 2' x 2' x 4' 
Bentonite Seal 
Silica Sand 

5' Steel protective casing 
Well Development 
Decon of equipment 
Drums 

Total for One Intermediate Well 

100 ft 
50 ft 

130 ft 
20 ft 

1 ea 
1 ea 

20 ft 
1 LS 
3 hr 
1 day 
4 each 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

$ 47 perLF 
S 51 perLF 
S 30 perLF 
$ 20 perLF 
$ . 118 each 
S 53 each 
S 14 per If 
$ 200 each 
S 160 perhr 
$ 112 per day 
$ 90 each 

4,678 
2,562 
3,900 

393 
118 
53 

286 
200 
480 
112 
358 

13,140 

Deep Monitoring Well 
Assume a depth of 250 ft 

Mud Drilling, 4" Dia 
Mud Drilling, 4" Dia 
2-inch Stainless Steel 
10 slot screen 
Concrete Pad 2' x 2' x 4' 
Bentonite Seal 
Silica Sand. 
5' Steel protective casing 
Well Development 
Decon of equipment 
Drums 

100 ft 
150 ft 
160 ft . 
90 ft 

1 ea 
1. ea 

90 ft 
1 LS , 
3 hr 
1 day 
6 each 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

$ • 

S 
$ 
S 
$ 
$ • 
$ 
$ 
$ 
$ 
S. 

47 
51 
30 
20 

118 
53 
14 

, 200 
160 
112 
90 

perLF 
perLF 
perLF 
perLF 
each , 
each 
per If 
each 
perhr. 
per day 
each 

$ 
$ 
$ 
$ 
$ 
S 
$ 
$ 
$ 
S 
$ 

4.678 
7,686 

• 4,800 
1,768 

118 
53 

. 1,285 
200 
480 
112 
537 

Total for One Deep Well 21,717 

Misc Items 
Drum disposal 
Development/'Decon Water Disposal 
Driller oversight 
Driller mobilization 
Tank Rental 
Well Development Equipment 
Contingency 
Total misc. 

36 each 
4O0O0 gal 

14 day 
1 LS 
2 tank (21,000 gi 
2 week 
1 LS 

X 

X 

X 

X 

al)x 
X 

X 

$ 
$ 
$ 
$ 
$ 
$ • 

$ 

120 each 
0.35 gal 
600 per day 

3,899 each 
1,225 each 

236 week 
1,000 each 

S 
$ 
$ • 

$ 
$ 
$ 
J 
$ 

4,320 
14,000 
8,400 
3,899 
2,450 

472 
1,000 

34,541 

Total Cost for 3 Intermediate and 4 Deep wells S 160,828 

400232 



•Job No. 3223-102 
Project Puchack Groundwater FS 
Subject Alternative 3A - Cost Backup 

Prepared by: 
Checked by: 

_EDK_ 
DGG 

Injection Wells 

Shallow Injection Well 
Assume a depth of 100 ft, with 25 ft of screen 

Mud Drilling, 4" Dia 
2-inch Carbon Steel 
10 slot screen 
Concrete Pad 2' x 2' x 4' 
Bentonite Seal 
Silica Sand 
5' Steel protective casing 
Well Development 
Decon of equipment 
Drum & Disposal 

100 ft 
75 ft 
25 ft 

I ea 
1 ea 

25 ft 
1 LS 
3 hr 
1 day 
4 each 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

S 
S 

$ 
$ 
s 
s 
$ 
$ 
$ 
$ 

47 
30 
20 

118 
53 
14 

200 
160 
112 
210 

perLF 
perLF 
perLF 
each 
each 
per If 
each 
per hr 
per day 
each 

$ 
$ 
S 

$ 
$ 
$ 
$ ^ 
$ 
$ 
$ 

4,678 
2,250 

491 
118 
53 

357 
200 
480 
112 
840 

Total for One Middle Aquifer Injection Well 9,579 

Intermediate Injection Well 
Assume a depth of 150 ft, with 20 ft of screen 

Mud Drilling, 4" Dia 100ft 
MudDnlling, 4"Dia 50 ft 
2-inch Carbon Steel 130 ft 
10 slot screen 20 ft 
Concrete Pad 2' x 2' x 4' 1 ea 
Bentonite Seal 1 ea 
SUica Sand , 20 ft 
5' Steel protective casing 1 LS 
Well Development 3 hr 
Decon of equipment 1 day 
Drum & Disposal ..,,. 4 each 

Total for One Intennediate Injection Well 

$ 47 per 
$ 51 perLF 
$ 30 perLF 
$ 20 perLF 
S 118 each 
$ 53 each 

X $ 14 per If 
X $ 200 each " 
X $ 160 per hr 
X S 112 per day 
X $ 210 each 

X $ 

X 

X 

X 

X 

LF $ 

S 

S 

4,678 
2,562 
3,900 

393 
118 
53 

286 
200 
480 
112 
840 

13,622 

Deep Injection Well 
Assume a depth of 250 ft, with 90 ft of screen 

MudDnlling, 4" Dia ' 100 ft 
Mud Drilling, 4" Dia 150 ft 
2-inch Carbon Steel 160 ft 
10 slot screen 90 ft 
Concrete Pad 2' x 2' x 4' I ea 
Bentonite Seal 1 ea 
Silica Sand 90 ft 
5' Steel prolecdve casing 1 LS 
Well Development • 3 hr 
Decon of equipment 1 day 
Drum & Disposal 6 each 

Total for One Deep Injection Well 

X $ 47 perLF 
X S 51 perLF 

$ 30 per LF 
X $ 20 perLF 
X $ 118 each 
X $ 53 each 
X $ 14 per If 
X $ 200 each 
X $ 160 perhr 
X S 112 per day 
X S 210 each 

$ 
S 
S 
$ 
$ 
$ 

4,678 
7,686 
4,800 
.1,768 

118 
53 

1,285 
200 
480 
112 

1,260 

22,440 

For this Alternative, 15 Middle, 63 Intermediate and 63 Deep Injection Wells are needed 

Total Cost 2,415,574 

Puchack_3A Rev2; Injection Points 
400233 
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Job No. 3223-102 
Projecl Puchack Groundwater FS 
Subject Alternative 3A - Cost Backup 

Prepared by: _EDK._ 
Checked bv: DGG 

Reducing Agent Material Cost (using Sodium Dithionite) 

Delivery point spacing and 
configuration 
Middle aquifer 
Inlermediale Sand 
Lower aquifer 

Total Mass of Chromium in Plume 
Assume 80% of plume treated 
Based on stoichiometry 1.5 mole reagent/mole Cr 
@ 174 g/moIe 

Factor of Safety of 10, dilution, buffering capacity of aquif 
Cost of Reagent $ 1000/ton 

Water 5,000,000 gallons 

Spacing btw H of injection 
PRB Length, feet wells, feet wells 

600 
2500 
2500 

Total Injection Points 

= 
= 

40 
40 
40 

5000 kg 
4000 kg 

15 
63 
63 

141 

20080 kg 

220 tons reagent 
$220,000 

$5 per/1 OOOgalion 
$25,000 

96154 moles Chromium 
76923 moles Chromium 

115400 moles Reagent 
22 tons 

Total Chemical Cost $245,000 

Reducing Agent Cost Based on-
Notes on. an Engineering Forum Roundtable Dicussion on Permeable Reactive Walls 
U.S. EPA Technical Support Project Meeting, January 1997. Adjust for inflation 

Injection Points Labor 
Assume 5 days per injection jjoint, total 705 days 

Crew B23 
I Foreman 
4 Laborers 
1 Injection Equipment 
1 3 Ton Truck 

•Per day 

358 
1,327 
3,497 

194 
5,375 X 

3789,305 
705 days 

Total Labor Cost 

Injection Monitoring 

Monitoring points 
10 intermediate sand 
10 Lower aquifer 
Misc well installation cost 

Total monitoring well cost 

$3,789,305 

131,396 
217,170 
103,623 

$ 452,190 

Puchack:_3A Rev 2; PRB Material 
400234 

Page 5 of 8 



Job No, 3223-i02 
Project Puchack Groundwater FS 

Subject Alternative 3A - Cosi Backup 

Prepared by; _ E D K _ 

Checked by _ D G G ^ 

Annual O&IM 
Assume aiuiuai monitoring on long-term basis 

Project Planing and Organization 
Assume 1 Project Manager (^ $40 per liour for 4 hours 

Assume 1 Engineer @ S30 per hour for 8 hours 

Assume 1 Teclmician (c^ S20 per hour for 8 hours 

Assume salary multipher of 3 

40 

30 

20 
1,680 

per hour x 
per hour x 
per hourx 

per sampling event 

hours X 
hours X 

hours X 

3 muiiiplier 

3 multiplier 

3 multiplier 

Assume: S 1,700 per sampling event 

No. 8 Sampling Labor 

Assume 3 persons for 9 days x 10 hour days @ $30 per hour 
Assume 3 wells per day including purging and sampling 
Two Sampling personnel and one Sample Management Organizer/Field Team Leader 
Assume salary multiplier of 3 

3 persons x 10 hours/day x 
= S 24,300 per sampling event 

No. 9 Sampling Equipment 
Assume sample shipping cost of $200 per day 
Assume sampling equipment (e.g., bailers and pumps) @ $300 per day 
Assume PPE @ $20 per person per day 
Assume miscellaneous materials @ $200 per day 

days X $ 

Shipping $ 
Sampling Equipment $ 

Monitoring Equipment $ 

. PPH $ 
Vehicle Rental $ 

Per Diem S 
Misc S 

200 per day X 

300 per day x 
200 per day X 

60 $'20 per seL/2 set /day x 
80 per day X 

120 Per persoii'day X 

200 per day A 
IDW Disposal $ 2,000 each x 

9 days = 
9 davs = 

9 davs = 
9 davs = 

9 days = 
27 man days = 

9 days = 

1 each 

$ 
S 

s 
$ 
s 
$ 
$ 
s 

1,800 
2,700 

1,800 
540 

720 
3,240 
1,800 

2,000 

30 /h . 3 multiplier 

Assume: 14,600 per sampling event 

Sample Analysis and Data Validation 
Assume groundwater samples will be collected from 20 monitoring wells + 7 new wells; analyzed for chromium and nal^iral attenuation parameters 

Total No. of Samples: 27 samples 
2 field duplicate 

2 MS 
2 MSD 
9'Field Blank 

9 Tnp Blanks 

51 Total Sanpies Per Sampling Event 

Assume 200 per sample for biodegradation parameters 

200 Total sample cost 

Analysis Cost: 51 samples x 

= $ 10,200 per sampling event 

Total Analysis &, Validation; 

Assume: 

10,200 
10,200 

No. 11 Data Evaluation & Reporting (Annual Monitoring) 

Assume 2 senior engineers/chemists at $35 per hour for 80 hours per sampling event 

Assume salary multiplier of 3 

= $ 16,800 
person x 35 per hour x 80 hours X 3 multiplier 

Puc)]ack_3A Rev 2; Sampling Event 
400235 
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Job No. 3223-102 

Projecl Puchack Groundwater FS 

Subject Alternative 3A - Cost Backup 

Prepared by: 

Checked by. _ 
_EDK_ 

DGG 

[No. 12 Five Year Review 

Assume 5-year reviews will be conducted every 5 years for 30 years. 

Work includes: 5-year review of groundwater monitoring data 
Preparation of report 

Assume 2 person for 1 weeks 

Assume salary rate of $35/hour. 

assume multiplier of 3 

2 persons x 
$ 35,280 
$ 35,300 

35 /hour X 40 hours/week 4.2 weeks/month x 1 month X 3 multiplier 

Puchack_3A Rev 2; 5 yr Review 400236 Page 7 of 8 



Job No. 3223-102 Prepared by: _EDK_ 
Project _Puch_ack Groundwater FS Checked by: _ D G G _ 
Subject Alternative 3.A. - Cost Backup 

Present Worth Calculations 

Assume discount rate is 7%: 0.07 

This is a problem of the from find (P give A, i, n) or ( P/A,i,n) 

P = Present Worth 
A= Annual amount 
i = interest rate 
.Assume 1% 

No. 14 Total Long-term Monitoring Costs 

This is a recurring cost every year for 30 years 

This is a problem of the form find (P given A, i, n) or ( P/A,i,n) 

P = Present Worth 
A= Annual amount 
i = interest rate 
Assume 7% 

Looking up the interest rate tables for i = 7% and n = 30 years ' • . 

The multiplier for (P/A) = 12.409 

No. 15 Total 5-year review costs 

This cost occurs every 5 years for 30 years. 

nedd to calculate the effective interest rate î  , 

Given i = 7% (nominal interest rate) 0.07 
m.= # of compounding periods = 5 years 5 

i, = (l+i)'"-l 0.403= 40% / 5 years 

P=A* (1+i)"- 1 

1(1-t-i)" 

in this case there are 6 - Syr periods 
n = 6 6 
1 = 0.403 

The multiplier is = 2.158 

Puchack_3A Rev 2; Present Worth Page 8 of 8 
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Alternative 3B: In Situ Treatment (Geochemical Fixation)/MNA/Institutional Controls 
Puchack Well Field Superfund Site 

Item No. Item Description 

CAPITAL COSTS 
Construction Costs 
1. Work Plan Preparation 
2. Mobilization/Demobilization 
3. Construction Management 
4. Construction QC/Chemical Analysis/H&S 
5. Geochiemical Fixation and Monitoring Wells 
6. Institutional Controls 

SUBTOTAL CONSTRUCTION COSTS 
General Contractor Fee (10% construction) 
Design Engineenng 
Bench / Pilot Scale Studies 
Resident Engineering/Inspection 
Contingency (20%) 

TOTAL CAPITAL COSTS 

ANNUAL .MONITORING COSTS 
7. Project Planning and Organization 
8. Sampling Labor 
9. Sampling Equipment 
10. Sample Analysis and Data Validation 
11. Data Evaluation and Reporting 

Total Annual Monitoring Costs 

FIVE YEAR REVIEW 

12. Five Year Review Report 

PRESENT WORTH OF COSTS 

13. Total Capital Costs 
14. Long-term Monitonng (30 year duration) 
15. Five-Year Reviews (30 year duration) 

TOTAL PRESENT WORTH 

Quantity 

1 

Unit Cost 

$ 70,600 
$ 66,000 
$ 789,544 
S 789,544 
$ 5,263,624 
S 17,700 

$ 1,700 
$ 24,300 
$ 14,600 
$ 10,200 
S 16,800 

S 35,300 

Unit 

LS 
LS 
LS 
LS 
LS 
LS 

LS 
LS 
LS 
LS 
LS 

LS 

Extension 

$ 70,600 
$ 66,000 
$ 789,544 
S 789,544 
$ 5,263,624 
$ 17,700 

$ 6,997,011 
$ 699,701 

500,000 
1,000,000 

$ 500,000 
$ 1,399,402 

S 11,096,114 

$ 1,700 
$ 24,300 
$ 14,600 
S 10,200 
S'• 16,800 
$ 67,600 

$ 35,300 

S 11,096,114 
$ 838,848 
% 76,171 

$ 12,011,134 

Assume $ 12,011,000 

COM 
Draft Feasibiltiy Study Report 

400238 
Page 1 of 1 



Job No. 3223-102 
Project Puchack Groundwater FS 
Subject Alternative 3B - Cost Backup 

Prepared by: _EDK._ 
Checked by: _ D G G _ 

No. 1 Work Plan Preparation 

Assume 2 persons for 2 months. 
Assume salary rate of $35/hour. 
Assume salary multiplier of 3. 

2 persons X $ 35 /hourx 40 hours/week x 4.2 weeks/month x 

= $ 70,560 
Assume: 

2 mo X 3 multiplier 

70,600 

No. 2 Mobilization/Demobilization 

Matenals/supplies 
Utilities dunng construct 
Temp Facilities 
Misc 

6 mo 
6 mo 
6 mo 
6 mo 

X 

X 

X 

X 

2000 per mo 
2000 per mo 
2000 per mo 
5000 per mo 

Total: 

No. 3 . Construction Management 

PM at 5% of construction cost 
Construction supervisioa'oversight at 10% of construction cost 

Total: 

12,000 
12,000 
12,000 
30,000 
66,000 

263,181 
526,362 

789,544 

QC/Chemical Analysis/Health and Safety 

QC at 5% of construction cost 
Chemical analysis at 5% of construction cost 
Health and Safety at 5% of construction cost 

Total; 

S 263,181 
$ 263,181 
$ 263,181 

$ 789,544 

Puchack 3B rev 2; WP Mob HS 
400239 Page 1 of 8 



Job No. 3223-102 

Project Puchack Groundwater FS 

Subject Allemative 3B - Cost Backup 

Prepared by: HDK_ 

Checked by. _ D G G _ 

No. 4 Total Construction Cost (labor & material) 

Monitoring Wells 
Injection Points 
Geochemical Fixation and Application 

$ 160,828 See page 4 for details 
$ i,003,i64 S e e p a g e s tor details 
$ 4,099,632 See page 6 for details 

Total Construction Cost 5,263,624 

No. 5 Bench / Pilot Scale Studies 

Assume: S 750,000 

No. 6 Institutional Conlrols 

Filing of the necessary paperwork to seCLire groundwater Oassificalion Ejxeniption Area (CEA) 

Assume 1 persons for 1 monlli. 
.Assume salary rate of $35/hour. 
Assume salary multiplier of 3. 

I person X $ 35 /hourx 40 hours/week 4.2 weeks/month x 1 month x 3 multiplier 

= $ 17.640 
Assume: $ 17,700 

Puchack 3B rev 2, Cap Detail 

400240 
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Job No. 3223-102 
Project Puchack Groundwater FS 
Subject Alternative 3B - Cost Backup 
Monitoring Well Installation 

Prepared by: EDK_ 
Checked by; _DGG_ 

Intermediate Monitoring Well 
Assume a depth of 150 ft 

Mud Drilling, 4" Dia 
Mud Drilling, 4" Dia 
2-inch Stainless Steel 
10 slot screen 
Concrete Pad 2' x 2' x 4' 
Bentonite Seal 
Silica Sand 

5' Steel protective casing 
Well Development 
Decon of equipment 
Drum 

100 ft 
50 ft 

130 ft 
20 ft 

1 ea 
1 ea 

20 ft 
1 LS 
3 hr 
1 day 
4 each 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

% 
$ 
$ 
$ 
$ 
$ 
$ 
5 
$ 
$ 
$ 

47 
51 
30 
20 

118 
53 
14 

200 
160 
112 
90 

perLF 
perLF 
perLF 
perLF 
each 
each 
per If 
each 
per hr 
per day 
each 

S 
$ 
$ 
$ 
$ 
$ 
$ 
$ 
S 
$ 

• $ 

4,678 
•2,562 
3,900 

393 
118 
53 

286 
200 
480 
112 
358 

Total for One Intennediate Well 

Deep Monitoring Well 
Assume a depth of 250 ft 

Mud Drilling, 4" Dia 
Mud Drilling, 4" Dia 
2-inch Stainless Steel 
10 slot screen 
Concrete Pad 2' x 2' x 4' 
Bentonite Seal 
Silica Sand 
5' Steel protective casing 
Well Development 
Decon of equipment 
Drum 

Total for One Deep Well 

13,140 

100 ft 
150 ft 
160 ft 
90 ft 

1 ea 
1 ea 

90 ft 
1 LS 
3 hr 
1 day 
6 each 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

47 perLF 
51 perLF 
30 per LF 
20 perLF 

118 each 
53 each 
14 per If 

200 each 
160 perhr 
112 per day 
90 each 

$ 4,678 
$ 7,686 
$ : 4,800 
$ 1,768 
$ 118 
$• 53 

$ 1,285 

S 200 

$ , 480 

$ 112 

$ 537 

$ 21,717 

Misc I tems 

Drum disposal 
Development/Decon Water Disposal 
Driller oversight 
Driller mobilization 
Tank Rental 
Well Development Equipment 
Contingency 
Total misc. 

36 each 
40000 gal 

14 day 
1 LS 
2 tank (21 
2 week 
1 LS 

,000 gal) 

X 

X 

X 

X 

X 

X 

X 

$ 

s 
$ 
$ 
S 
$ 
S 

120 each 
0.35 gal 
600 per day 

3,899 each 
1,225 each 

236 week 
1,000 each 

$ 
$ 
$ 
$ 
S 
$ 
$ 
$ 

4,320 
14,000 
8,400 
3,899 
2,450 

472 
1,000 

34,541 

Total Cost for 3 Intermediate and 4 Deep v\'ells $ 160,828 
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Job No. 3223-102 
Project Puchack Groundwater FS 
Subject Alternative 3B - Cost Backup 

Prepared by: __EDK_ 
Checked by: _DGG_ 

Injection Wells 

Shallow Injection Well 
Assume a depth of 100 ft, with 25 ft of screen 

Mud Drilling, 4" Dia 
2-inch Carbon Steel 
10 slot screen 
Concrete Pad 2' x 2' x 4' 
Bentonite Seal 
Silica Sand 
5' Steel protective casing 
Well Development 
Decon of equipment 
Drum & Disposal 

Total for One Middle Aquifer Injection Well 

Intermediate Injection Well 
Assume a depth of 150 ft, with 20 ft of screen 

Mud Drilling, 4" Dia 
Mud Drilling, 4" Dia 
2-inch Carbon Steel 
10 slot screen 
Concrete Pad 2' x 2' x 4' 
Bentonite Sea! 
Silica Sand 

5' Steel protective casing 
Well Development 
Decon of equipment 
Drum & Disposal 

Total for One Intermediate Injection Weil 

100 ft 
75 ft 
25 ft 

1 ea 
I ea 

25 ft 
1 LS 
3 hr 
1 day 
4 each 

X $ 47. perLF 
X $ 30 perLF 
X $ 20 perLF 
X $ 118 each 
X $ 53 each 
X $ 14 per If 
X S 200 each 
X S 160 perhr 
X $ 112 per day 
X $ 210 each 

4,678 
2,250 

491 
l i s 
53 
357 
200 
480 
112 
840 

9,579 

100 ft • 
50 ft 

130 ft 
20 ft 

I ea' 
1 ea 

20 ft 
1 LS 
3 hr 
1 day 
4 each 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

$ 
$ 
$ 
$ 
$ 
S 
$ 
$ 
$ 
$ 
s 

47 
51 
30 
20 

118 
53 
14 

200 
160 
112 
210 

perLF 
perLF 
perLF 
perLF 
each 
each 
per If 
each 
per hr 
per day 
each 

$ 
S 

$ 
S 

$ 
S 

$ 
s 
s 
$ 
$. 

4,678 
2,562 
3,900 

393 
118 
53 

286 
200 
480 
112 
840 

13,622 

beep Injection Well 
Assume a depth of 250 ft, with 90 ft of screen 

Mud Drilling, 4" Dia 
Mud Dnlling, 4" Dia 
2-inch Carbon Steel 
10 slot screen 
Concrete Pad 2' x 2' x 4' 
Bentonite Seal 
Silica Sand 

5' Steel protective casing 
Well Development 
Decon of equipment 
Drum & Disposal 

Total for One Deep Injection Well 

100 ft 
150 ft 
160 ft 
90 ft 

I ea 
1 ea 

90 ft 
1 LS 
3 hr 
1 day 
6 each 

$ 47 perLF 
$ 51 perLF 
$ 30 perLF 
$ 20 perLF 
$ 118 each 
S 53 each 
S 14 per If 
$ 200 each 
$ 160 perhr 
S 112 per day 
S 210 each 

4,678 
7,686 
4,800 
1,768 

118 

53 
1,285 

200 
480 
112 

1,260 

22,440 

For this Allemative, 4 Shallow, 28 Intermediate and 26 Deep Injection Wells are needed 

Total Cost 1,003,164 

Puchack_3B rev 2; Injection Points 400242 Page 4 of 8 



Job No, 3223-102 
Proiect Puchack Groundwater FS 
Subjecl Allemative 3B - Cost Backup 

Prepared by. _EDK._ 
Checked by DGG 

Geochemical Fixation Reagent Costs {using sodium metabisulfite) 

Delivery point spacing and configuration 

Total Injection.Points 

Total Mass of Chromium in Plume 

Assume 80% of plume treated 
Based on stoichiometry 0.75 mole reageni/ mole Cr 
@ 190 g/mole 

Factor of Safety of 20, dilution, buffering capacity of aquifer 
Cost of Reagent $l/lb 

Water 5,000,000 gallons 

150 ft spacing, Middle aquifer = (lOO ft, Intermediate sand = 4200 ft, Lower Aquifer = 3700 ft 

58 

5000 kg 
4000 kg 

10963 kg 

240 Ions reagent 
$480,000 

J5 per/IOOOgallon 
$50,000 

96154 moles Chromium 
76923 moles Chromium 
57700 moles Reagent 

12 tons 

Total Cost $530,000 

Reducing Agent Cost Based on - vendor cost for similar injection material 

Chemical Injection Labor 

App Crew B23 
I Foreman 
4 Laborers 
I injection Equiprnenl 
1 3 Ton Truck Per day 

Total Cost 

$ 
$ 
$ 
S 

$ 

358 
1,327 
3,497 

194 

5.375 X 

- $ 3,117,442 

$3,117,443 

580 days 

Injection Monitoring 

Monitoring points 
10 intermediate sand 
10 Lower aquifer 
N/lisc well installation cost 
Total monitoring well cost 

% 131,396 
$ 217,170 
$ 103,623 
$ 452,190 

Puchack 38 rev 2; Geo Chem fix 400243 Page 5 of 8 



Job No- 3223-102 

Project Puchack Groundwater FS 

Subject Alternative 3B • Cost Backup 

Prepared by: _ E D K _ 

Checked by _„DGG_ 

Annual O&M 

Assume aruiual monitoring on long-term basis 

Project Planning and Organization 

Assume 1 Project Manager (ĉ  540 per hour for 4 hours 

Assume ! Engineer (ĉ  S30 per hour for 8 hours 

Assume I Technician (^ $20 per hour for 8 hours 

Assume salary multiplier of 3 

= $ 
$ 
$ 

= $ 
Assume: $ 

40 per hour x 

30 per hour x 
20 per hour x 

1,680 per sampling event 
1,700 per sampling event 

4 

8 

8 

hours X 

hours X 
hours X 

3 multiplier •>• 

3 multiplier + 

3 multiplier 

Sampling Labor 
Assume 

Assume 3 wells per day including purging and samp 

Two Sampling personnel and one Sample Management 0rgani2er/FieId Team Leader 

Assume salary multiplier of 3 

3 persons for 10 x 10 hour days (a) S30 per hour 

3 wells per day including purging and sampling 

3 persons X 10 hours/day x 9 days x 
= S 24,300 per sampling event 

Sampling Equipment 
Assume sample shipping cost of S200 per day 
Assume sampling equipment (e.g., bailers and pumps) @ $300 per day 
Assume PPE ^ $20 per person per day 
Assume miscellaneous materials @ $200 per day 

Shipping 

Sarripling Equipment 
Monitoring Equipment 

PPE 
Veliicle Rental 

Per Diem 
Misc 

IDW Disposal 

200 per day x 
30O per day X 
20O per day X 

60 $'20 per set/2 set/day X 
80 per day X 

120 Per person/day 
200 per day X 

2,000 eachx 

9 days = 
9 days = . 

9 days = 
9 days = 

9 days = , 
27 man days = 

9 days = 

1 each = 

$ 
I 

5 

$ 
S 
I 

$ 
S 

1,800 

2,700 

1,800 
540 
720 

3,240 

1,800 

2,000 

Assume: S 
14,600 per sampling event 
14,600 per sampling event 

iNo. 10 Sample Analysis and Validation 

Assume groundwater samples will be collected from 20 nxinitoring wells + 7 new wells; analyzed for chromium and natural attenuation parameters 

Total No. of Samples: 27 samples 

2 field duplicate 

2 MS 
2 MSD 

9 Field Blank 

9 Trip Blanks 

51 Total Samples Per Sampling Event 

Assume 200 per sample for biodegradation parameters 

200 Total sample cost 

Analysis Cost: 51 samples x 
S 10,200 per sanpling event 

200 

Total Analysis & Validation; 10,200 

10,200 

No. 11 Data Evaluation and Reporting {Annual Monitoring) 

Assume 2 senior engineers/chemists at $35 per hour for 80 hours per sampling event 

Assume salary multiplier of 3 

35 per hour x 80 hours X 3 multiplier 
= $ 16,800 

Puchack_3B rev 2; Sampling Event 400244 Page 6 of 8 



Job No 3223-102 Prepared by: _EDK._ 

Project Puchack Groundwater FS Checked by: _ D G G _ 

Subject Alternative 3B - Cost Backup 

No. 12 Five Year Review 

Assume 5-year reviews wilt be conducted every 5 years for 30 years. 
Work includes; 5-year review of groundwater monitoring data 

Preparation of report 

Assume 2 person for 1 weeks 
Assume salary rate of $35/hour. 
assume multiplier or3 

2 persons X $ 35 /liour x 40 hours/week x 4.2 weeks/month x 1 month x 3 multiplier 

Total S 35,280 
Assume $ 35,300 

Puchack_3B rev 2, 5 yr Review 4 0 0 2 4 5 ^^^^ ^ °'^^ 



Job No. 3223-102 Prepared by: _EDK_ 
Project Puchack Groundwater FS Checked by: DGG_ 
Subject Alternative 3B - Cost Backup 

Present Worth Calculations 

Assume discount rate is 7%: 0.07 

This is a problem of the from find (P give A, i, n) or ( P/A,i,n) 

P = Present Worth 
A= Armual amount 
i = interest rate 
Assume 7% 

No. 14 Total Long-term Monitoring Costs 

This is a recurring cost every year for 30 years 

This is a problem of the form find (P given A, i, n) or ( P/A,i,n) 

P = Present Worth 
A= Annual amount 
i = interest rate 
Assume 7% 

Looking lip the interest rate tables for i = 7% and n = 30 years 
The multiplier for (P/A) = 12.409 

No. 15 Total 5-year review costs 

This cost occurs every 5 years for 30 years. 

nedd to calculate the effective interest rate î  

Given i = 7% (nominal interest rate) 0.07 
m = # of compounding periods = 5 years 5 

i, = (l+i)"'-l 0.403= 40% / 5 years 

P= A* (1+i)"- 1 

1(1+1)" 

in this case there are 6 - Syr periods 
n = 6 6 
i = " 0.403 

The multiplier is = 2.158 

Puchack 3Brev2; Present Worth Page 8 of 8 
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Alternative 3C: In Situ Treatment (Geochemical Fixation)/MNA/Institutional Controls 
Puchack Well Field Superfund Site 

Item No. Item Description 

CAPITAL COSTS 
Construction Costs 
1. Work Plan Preparation 
2. Mobiiizalion/Demobilization 
3. Construction Management 
4. Construction QC/Chermcal Analysis/H&S 
5. Geochemical Fixation and Monitoring Wells 
5. Institutional Controls 

SUBTOTAL CONSTRUCTION COSTS 
General Contractor Fee (10% consniiction) 
Design Engineenng 
Bench / Pilot Scale Smdies 
Resident Engineering/Inspection 
Contingency (20%) 

TOTAL CAPITAL COSTS 

ANNUAL MONITORING COSTS 
7. Project Planning and Organization 
8. Sampling Labor 
9. Sampling Equipment 
10. Sample Analysis and Data Validation 
11. Data Evaluation and Reporting 

Total Annual Monitoring Costs 

FIVE YEAR REVIEW 

12. Five Year Review Report 

PRESENT WORTH OF COSTS 

13. Total Capital Costs 
14. Long-term Monitoring (30 year duration) 
15. Five-Year Reviews (30 year duration) 

TOTAL PRESENT WORTH 

Quantity 

1 

Unit Cost 

S 70,600 
$ 66,000 
$ 1,283,936 
S 1,283,936 
$ 8,559,574 
$ 17,700 

$ 1,700 
$ 24,300 
$ 14,600 
$ 10,200 
S 16,800 

$ 35,300 

Unit 

LS 
LS 
LS 
LS 
LS 
LS 

LS 
LS 
LS 

. LS 
LS ' 

LS 

Extension 

S 70,600 
S 66,000 
$ 1,283,936 
$ 1,283,936 
$ 8,559,574 
$ 17,700 

$ 11,281,746 
S 1,128,175 

500,000 
1,000,000 

S 500,000 
$ 2,256,349 

$ 16,666,269 

S 1.700 
$ 24,300 
$ 14,600 
S • 10,200 
$ 16,800 
S 67,600 

$ 35,300 

S 16,666,269 
$ 838,848 
S 76,171 

$ 17,581,289 1 

Assume $ 17,581,000 

COM 
Draft Feasibiltiy Study Report 

400247 
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Job No. 3223-102 
Project Puchack Groundwater FS 
Subject Alternative 3C - Cost Backup 

Prepared by: 
Checked by: 

_EDK_ 
DGG 

No. 1 Work Plan Preparation 

Assume 2 persons for 2 months. 
Assume salary rate of S35/hour 
Assume salary multiplier of 3. 

2 persons X $ 35 /hourx 40 hours/week x 4.2 weeks/month x 

= $ 70,560 
Assume: 

2 mo X 3 multiplier 

70,600 

No. 2 Mobilization/Demobilization 

Materials/supplies 
Utilities during construct 
Temp Facilities 
Misc 

6 mo 
6 mo 
6 mo 
6 mo 

X 

X 

X 

X 

2000 per mo 
2000 per mo 
2000 per mo 
5000 per mo 

Total: 

No. 3 Construction Management 

PM at 5% of construction cost 
Construction supervision/oversight at 10% of construction cost 

Total: 

12,000 
12,000 
12,000 
30,000 
66,000 

427,979 
855,957 

1,283,936 

4 QC/Cheraical Analysis/Health and Safety 

QC at 5% of construction cost 
Ctnemicai analysis at 5% of construction cost 
Health and Safety at 5% of construction cost 

Total: 

S 427,979 
S 427,979 
S 427,979 

$ 1,283,936 

Puchack_3C rev 2; WP Mob HS 
400248 

Page 1 of 8 



Job No 3223-102 Prepared by _ED!C_ 

Project Puchack Groundwater FS Checked by: I^GG_ 

Subject Akemative 3C - Cost Backup 

No. 5 Total Construction Cost (labor & material) 

Monitoring Wells S 160,828 See page 4 for details 
Injection Points S 1,814,158 See page S for details 

Geochemical Fixation $ 6,584,588 See page 6 for details 

Total Construction Cost S 8,559,574 

6 Institutional Controls 

Filing of the necessary paperwork to secure groundwater Classification Exemption Area (CEA) 

Assume 1 persons for 1 month 
Assume salary rale of S35/hour. 
Assume salary multiplier of 3. 

1 person X $ 35 /hourx 40 hours/week 4.2 weeks/month x 1 month x 3 multiplier 

= S 17.640 
Assume: $ 17,700 

Puchack_3C rev 2; Cap Detail 4 H H O J . Q Page 2 of 8 



Job No. 3223-102 
Project Puchack Groundwater FS 
Subject Alternative 30 - Cost Backup 
Monitoring Well Installation 

Prepared by: EDK_ 
Checked by: DGG 

Intermediate Monitoring Well 
Assume a depth of 150 ft 

Mud Drilling, 4" Dia 
Mud Drilling, 4" Dia 
2-inch Stainless Steel 
10 slot screen 
Concrete Pad 2' x 2' x 4' 
Bentonite Seal 
Silica Sand 

5' Steel protective casing 
Well Development 
Decon of equipment 
Drum 

Total for One Intermediate Well 

100 ft 
50 ft 

130 ft 
20 ft 

1 ea 
1 ea 

20 ft 
1 LS 
3 hr 
1 day 
4 each 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

47 perLF 
51 perLF 
30 perLF 
20 perLF 

118 each 
53 each 
14 per If 

200 each 
160 perhr 
112 per day 
90 each 

4,678 
2,562 
3,900 

393 
118 
53 

286 
200 
480 
112 

358 

13,140' 

Deep Monitoring Well 
Assume a depth of 250 ft 

Mud Drilling, 4" Dia 
Mud Drilling, 4" Dia 
2-inch Stainless Steel 
10 slot screen 
Concrete Pad 2' x 2' x 4' 
Bentonite Seal 
Silica Sand 
5' Steel protective casing 
Well Development 
Decon of equipment 
Drum 

100 ft 
150 ft 
160 ft 
90 ft 

1 ea 
1 ea 

90 ft 
1 LS 
3 hr 
1 day 
6 each 

X 

X 

. X 

X 

X 

X 

X 

X 

X 

X 

X 

$ 
$ 
$ 
$ 
$ 
$ 
$ 

s 
$ 
$ 
$ 

47 
' 5 1 

30 
20 

118 
53 
14 

200 
' 160 

112 
90 

perLF 
per LF 
per LF 
per LF 
each 
each 
per If 
each 
per hr 
per day 
each 

$ 
$ 
S 
$ • 

$ 
$ 

s 
$ 

s 
• , $ 

$ 

4,678 
7,686 
4,800 
1,768 

118 
53 

1,285 
200 
480 
112 
537 

Total for One Deep Wef S 21,717 

Misc Items 
Drum disposal 
Development/Decon Water Disposal 
Driller oversight 
Driller mobilization 
Tank Rental 
Well Development Equipment 
Contingency 
Total misc. 

36 each 
40000 gal 

14 day 
1 LS 
2 tank (21 

• 2 week 

1 LS 

,000 gal) 

X 

X 

X 

X 

X 

X 

X 

120 each 
0.35 gal 
600 per day 

3,899 each 
1,225 each 

236 week 
1,000 each 

4,320 
14,000 

8,400 
3,899 
2,450 

472 
1,000 

34,541 

Total Cost for 3 Intermediate and 4 Deep wells $ 160,828 

400250 



Job No. 3223-102 
Project Puchack Groundwater FS 
Subject Alternative 3C - Cost Backup 

Prepared by: _EDK_^ 
Checked by: _ D G G _ 

Injection Wells 

Shallow Injection Well 
Assume a depth of 100 ft, with 25 ft of screen 

Mud Drilling, 4" Dia 
2-inch Carbon Steel 
10 slot screen 
Concrete Pad 2' x 2' x 4' 
Bentonite Seal 
Silica Sand 

5' Steel protective casing 
Decon of equipment 
Well Development 
Drum & Disposal 

Total for One Middle Aquifer Injection Well 

Intermediate Injection Well 
Assume a depth of 150 ft, with 20 ft of screen 

Mud Drilling, 4" Dia 
Mud Drilling, 4" Dia 
2-inch Carbon Steel 
10 slot screen 
Concrete Pad 2' x 2' x 4' 
Bentonite Seal 
Silica Sand 

5' Steel protective casing 
Decon of equipment 
Well Development 
Drum & Disposal 

Total for One Intermediate Injection Well 

100 ft 
75 ft 
25 ft 

1 ea 
1 ea 

25 ft 
1 LS 
1 day 
3 hr 
4 each 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

s 
s 
S 
$ 
S 
$ 
$ 
$ 
$ 
$ 

47 
30 
20 

118 
53 
14 

200 
112 
160 
210 

per LF 
per LF 
perLF 
each 
each 
per If 
each 
per day 
perhr 
each 

$ 
S 

$ 
S 

$ 
$ 
$ 
$ 
$ 
$ 

4,678 
2,250 

491 
118 
53 

357 
200 
112 
480 
840 

9,579 

100 ft 
50 ft 

130 ft 
20 ft 

1 ea 
1 ea 

20 fl 
1 LS 
1 day 
3 hr 
4 each 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

$ 
s 
S 

$ 
$ 
$ 
$ 
$ 
S 
5 
$ 

47 
51 
30 
20 

l i s 
53 
14 

200 
112 
160 
210 

perLF 
perLF 
perLF 
perLF 
each 
each 
per If 
each 
per day 

-perhr 
each 

S 
S 
$ 
s 
$ 
$ 
$ 
$ 
$ 
s 
s 

4,678 
2,562 
3,900 

393 
118 
53 

286 
200 
112 
480 
840 

13,622 

Deep Injection Well 
Assume a depth of 250 ft, with 90 ft of screen 

Mud Dnlling, 4" Dia 
Mud Drilling, 4" Dia 
2-inch Carbon Steel 
10 slot screen 
Concrete Pad 2' x 2' x 4' 
Bentonite Seal 
Silica Sand 

5' Steel protective casing 
Well Development 
Decon of equipment 
Drum & Disposal 

Total for One Deep Injection Well 

100 ft 
150 ft 
160 ft 
90 ft 

1 ea 
1 ea 

90 ft 
1 LS 
3 hr 
1 day 
6 each 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

$ 
$ 
$ 
$ 
$ 
$ 
s 
S 
$ 
$ 
S 

47 
51 
30 
20 

118 
53 
14 

200 
160 
112 
210 

perLF 
perLF 
perLF 
perLF 
each 
each 
per If 
each 
per hr 
per day 
each 

4,678 
7,686 
4,800 
1,768 

118 
53 

1,285 
200 
480 
112 

1,260 

22,440 

For this Alternative, 50 Deep 48 Intermediate and 4 Middle Aquifer Injection Wells are needed 

Total Cost 1,814,158 

Puchack_3C rev 2, Injection Points 
4 0 0 2 5 1 
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Job .No. 3223-102 
Projecl Puchack Groundwater FS 
Subject Alternative 3C - Cost Backup 

Prepared by. EDK_ 
Checked by: _DGG_ 

Geochemical Fixation Reagent Costs (using sodium metabisulfite) 

Delivery point spacing and configuration 

Total Injection Points 

Total Mass of Chromium in Plume 

Assume 100% of plume treated 
Based on stoichiometry 0.75 mole reagent/ mole Cr 
@ 190 g/mole 

Factor of Safely of 20, dilution, buffering capacity of aqui 
Cost of Reagent $l/lb 

Water 5,000,000 gallons 

150 ft spacing, Middle aquifer = 600 ft. Intermediate Sand =7400 ft. Lovi;er .'\quifer = 7000 ft 

102 

5000 kg 
5000 kg 

13699 kg 

300 tons reagent 
$600,000 

J5 per/IOOOgallon 
$50,000 

96154 moles Chromium 
96154 moles Chromium 
72100 moles Reagent 

15 tons 

Total Chemical Cost $650,000 

Reducing Agent Cost Based on - vendor cost for similar injection material 

Chemical Injection Labor 

App Crew B23 
1 Foreman 
4 Laborers 
1 Injection Equipment 
I 3 Ton Truck 

$ 
$ 

Per day $ 

358 
1,327 
3,497 

194 
5,375 1020 days 

Total Labor Cost $ 5,482,398 

Injection Monitoring 

Monitoring points 
10 intermediate sand 
10 Lower aquifer 
Misc well installation cost 
Total monitoring well cost 

$ 131.396 
$ 217.170 
$ 103.623 
$ 452,190 

Puchack 3C rev 2; Geo Chem_flx 400252 Page 5 of 8 
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Job No 3223. 

Projecl 

102 

Puchack Groundwater FS 

Subjecl Alteniative 3C - Cosi Backup 

Prepared by. _ E D K _ 

Checked b v DGG 

Annual O&M 

Assume annual monitoring on loiig-term basis 

Project Planning and Organization 

Assume 1 Project Manager @ S40 per hour for 4 hours 

Assume 1 Engineer @ S30 per hour for 8 hours 

Assume 1 Technician @ $20 per hour for 8 hours 

Assume salary'multipher of 3 

= $ 
$ 
$ 

= $ 
Assume; $ 

40 
30 
20 

1,680 
1,700 

per 
per 

per hour x 
per hour x 
per hour x 

sampling event 
sampling event 

hours X 
hours X 
hours X 

3 multiplier 
3 multiplier 
3 multiplier 

No. 8 Sampling Labor 
Assume 3 persons for 10 x 10 hour days @ $30 per hour 

Assume 3 wells per day including purging and sampling 

Two Sampling personnel and one Sample Management Organizer/Field Team Leader 
Assume salary multiplier of 3 

3 persons X 10 hours/day x 9 days x $ 
= $ 24,300 per sampling event 

30 / h r x 

Sampling Equipment 

Assume sample shipping cost of $200 per day 

Assume sampling equipment (e.g., bailers and pumps) @ $300 per day 

Assume PPE @ $20 per person per day 

Assume miscellaneous materials @ S200 per day 

200 per day x 

300 per day x 

200 per day x 
60 $'20 per set/2 set /day x 

80 per day x 
120 Per person/day 

200 per day x 

2,000 eachx 

Shipping 
Sampling Equipment 
Monitoring Equipment 
PPE 
Vehicle Rental 
Per Diem 
Misc 
IDW Disposal 

$ 
$ 
$ 
$ 
5 
J 
$ • 

$ 

= s 14,600 per sampling event 

9 days = 
9 days = 
9 days = 
9 days = 
9 days = 

!7 man days = 
9 days = 
1 each = 

$ 
$ 
$ 
S 

$ 
$ 
$ 
$ 

1,800 
2,700 
1,800 

540 
720 

3,240 
1,800 
2,000 

No. ID Sample Analysis and Validation 

Assume groundwater samples will be collected from 20 monitoring wells + 7 new wells; analyzed for chromium and natural attenuation parameters 

Total No. of Samples: 27 samples 

. 2 field duplicate 

, 2 MS 

2 MSD 

9 Field Blank 

9 Trip Blanks 

5) ToLal Samples Per Sampli.^g Evenf-

200 per sanple for biodegradation parameters 
200 TotaJsarr?7!ecosr 

Analysis Cost: 51 samples x 

S 10,200 per sampling event 

200 

Total Analysis & Validation: 10,200 

10,200 

No. 11 Data Evaluation and Reporting (Annual Monitoring) 

Assume 2 senior engineers/chemists at $35 per hour for 80 hours per sampling event 
Assume salary muiiiplier of 3 

person J 35 per hour X hours X 3 multiplier 
$ 16,800 

Puchack_3C rev2; LT Sampling Event Page 6 of 8 
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Job No. 3223-102 

Project Puchack Groundwater FS 

Subjecl Alternative 3C - Cost Backup 

Prepared by* 

Checked bv: 
_EDK_ 
DGG 

No. 12 Five Year Review 

.\ssuiTie 5-year reviews will be conducied every 5 years for 30 years. 

Work includes: 5-year review of groundwater monitoring data 
Preparation of report 

Assume 2 person for 1 weeks 
Assui-ne salary vale of £35('hour. 
assume multiplier of 3 

2 persons x 35 /hourx 40 hours/week 4.2 weeks/month x 3 multiplier 

Tola I 

Assume 

$ 35,230 
s 35;joa 

Puchack_3C rev 2, 5 yr Review 
400254 

Page 7 ofS 
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Job No, 3223-102 Prepared by: _EDK_ 
Project Puchack Groundwater FS Checked by: DGG 
Subject Alternative 3C - Cost Backup 

Present Worth Calculations 

Assume discount rate is 7%: 0.07 

This IS a problem of the from find (P give A, i, n) or ( P/A,i,n) 

P = Present Worth 
A= Armual amount 
i = interest rate 
Assume 7% 

No. 14 Total Long-term Monitoring Costs 

This is a recurring cost every year for 30 years 

This is a problem of the form find (P given A, i, n) or ( P/A,i,n) 

P = Present Worth 
A= Annual amount 
i = interest rate 
Assume 7% 

Looking up the interest rate tables for i = 7% and n = 30 years ' 

The multiplier for (P/A) = 12.409 

No. 15 Total 5-year review costs 

This cost occurs every 5 years for 30 years. 

nedd to calculate the effective interest rate î  

Given i = 7% (nominal interest rate) 0.07 
m = # of compounding periods = 5 years 5 

i, = (1 +i)"' -1 0.403 = 40% / 5 years 

P=A* (!+])"- 1 

1(1+1)" 

in this case there are 6 - Syr periods 
n = 6 6 

i = 0.403 

The multiplier is = 2.158 

Puchack_3C rev 2; Present Worth „ n r > o c r r Page 8 of 8 
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Alternative 4: 
Groundwater Extraction/Treatment/Off-site Disposal/Monitoring/Instutional Controls 

Puchack Well Field Superfund Site 

Item No. Item Description 

CAPITAL COSTS 
Construction Costs 

1. Work Plan Preparation 
2. Mobilization/Demobilization 
3. Consn-uction Management 
4. Construction QC/Chemical Analysis/H&S 
5, Pump and Treat System 
6. Institutional Controls 

SUBTOTAL CONSTRUCTION COSTS 
General Contractor Fee (10% construction) 
Design Engineering 
Bench/Pilot Scale Study 
Resident Engineering/Inspection 

Contingency (20%) 

TOTAL CAPITAL COSTS 

ANNUAL O&M COSTS 
7. Groundwater Treatment Plant O&M 

ANNUAL MONITORING COSTS 
8. Project Planning and Organization 
9. Sampling Labor 
10. Sampling Equipment 
11. ' Sample Analysis and Data Validation 
12. Data Evaluation and Reporting 

Total Annual Monitoring Costs 

TREATMENT MEDIA REPLACEMENT 
13. Media Replacement (every year) ' 

FIVE YEAR REVIEW 

14. Five Year Review Report 

PRESENT W O R T H OF COSTS 

15. Total Capital Costs 

16. O&M Costs (30 year duration) 

17. Media Replacement (30 year duration) 
18. Long-term Monitoring Cost (30 year duration) 

19. Five-Year Reviews (30 year duration) 

TOTAL PRESENT WORTH 

Quantity 

1 

1 
1 
1 
1 
1 

1 

1 

Unit Cost 

$ 70,600 
$• 132,000 
S 1,087,929 
$ 1,087,929 
$ 7,252,860 
$ 17,700 

% 1,395,197 

S 1,700 
S 24,300 
S 14,600 
$ 10,200 
5 16,800 

$ 19,564 

$ 35,300 

Unit 

LS 
LS 
LS 
LS 
LS 
LS 

LS 

LS 
LS 
LS 
LS 
LS 

EA 

LS 

E.xtension 

$ 70,600 
$ 132.000 
$ 1,087,929 
$ 1,087,929 
S 7,252,860 
$ 17,700 

$ 9,649,018 
$ 964,902 
$ -600.000 

-
S 500,000 
$ 1,929,804 

$ 13,643,723 

$ 1,395,197 

$ 1,700 
$ 24,300 
$ 14,600 
$ 10,200 
S 16.800 
$ 67,600 

$ 19,564 

$ 35,300 

$ 13,643,723 

$ 17,313,005 

$ 242,770 
$ 838,848 
$ 76,171 

$ 32,114,517 

CDM 
Draft Feasibility Study Report 

400256 
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Job No. 3223-102 ' 
Project Puchack Groundwater FS 
Subject Allemative 4 - Cost Backup 

Prepared by EDK_ 
Checked by: DGG_ 

No. 1 Work Plan/CQCP/Chemical QCP/HASP Preparation 

Assume 2 persons for 1 month. 
Assume salary rale of $35/hour. 
Assume salary multiplier of 3. 

2 persons x $ 

= $ 70,560 

35 /hourx 40 hours/week x 4.2 weeks/month x 2 month x 3 multiplier 

Assume: $ 70,600 

INo. 2 Mobilization/Demobilization 

Materials/supplies 
Utilities during construction 
Temp Facility 
Misc 

12 months x 
12 months x 
12 months x 
12 months x 

2000 per mo 
2000 per mo 
2000 per mo 
5000 per mo 

Total; 

$ 24,000 
$ 24,000 
$ 24,000 
S 60,000 
$ 132,000 

No. 3 Construction Management 

PM al 5% of conslruction cost 
Construction supervision/oversight at 10% of construction cos! 

Tola): 

S 362,643 
$ 725,286 

$ 1,087,929 

No. 4 QC/Chemical Analysis/Health and Safety 

QC at 5% of construction cost 
Chemical analysis at 5% of construction cost 
Health and Safety at 5% of construction cost 

Total: 

362,643 
362,643 
362,643 

$ 1,087,929 

Puchack 4Rev2; WP Mob HS 
400257 
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Job No. 3223-102 
Project Puchack Groundwater FS 
Subject Alternative 4 - Cost Backup 

Prepared by: 

Checked by: 
_EDK_ 
DGG 

No. 5 Total Construction Cost (labor & material) 

Monitoring, Extraction, Injection Wells $ 461,923 
Pre-Fabncated Building $ 458,250 
Treatment System $ 1,426,496 
Pumps $ 65,051 
Construction Subtotal $ 2,411,720 
Installation Costs (HVAC, electrical, piping etc) $ 4,823,440 

( 2 Times Consrruction Subtotal) 

Total Construction Cost $ 7,252,860 

See Pages 4 «& 5 for details 
See Page 6 for details 
See Page 7 for details 
See Page 8 for details 

Puchack_4 Rev2; Cap Detail 
400258 
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# 

Job No. 3223-102 
Project Puchack Groundwater FS 
Subject Alternative 4 - Cost Backup 

Well Installation 

Prepared by: 
Checked by: 

_EDK_ 
DGG" 

Driller Procurement and Statement of Work Preparation 
$ 30 per hour x 40 hours x 3 multiplier ^ 3,600 

Intermediate Monitoring Well 
Assume a depth of 150 ft 

Mud Drilling, 4" Dia 
Mud Drilling, 4" Dia 
2-inch Stainless Steel 
10 slot screen 
Concrete Pad 2' x 2' x 4' 
Bentonite Seal 
Silica Sand 
5' Steel protective casing 
Well Development 
Decon of equipment 
Drums 

00 ft 
50 ft 
30 ft 
20 ft 

1 ea 
1 ea 

20 ft 
1 LS 
3 hx 
1 day 
4 each 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

$ 
$ 
$ 
$ 
$ 
$ 
S 
$ 
$ 
$ 
$ 

47 
51 
30 
20 

118 
53 
14 

200 
160 
112 
90 

perLF 
perLF 
per LF • 
perLF 
each 
each 
per If 
each 
perhr 
per day 
each . 

$ 
$ 
$ 
S 
$ 
$ 
$ 
$ 
S 
$ 
$ 

4,678 
2,562 
3,900 

393 
118 
53 

286 
200 
480 
112 
358 

Total for One Intermediate Well 13,140 

Deep Monitoring Well 
Assume a depth of 250 ft 

Mud Drilling, 4" Dia 
Mud Drilling, 4" Dia 
2-inch Stainless Steel 
10 slot screen 
Concrete Pad 2' x 2' x 4' 
Bentonite Seal 
Silica Sand 
5' Steel protective casing • 
Well Development 
Decon of equipment 
Drums 

100 ft 
150 ft 
160 ft 
90 ft 

1 ea 
1 ea 

90 ft 
1 LS 
3 hr 
1 day 
6 each 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

$ 
$ 
$ 
$ 
$ 
$ . 
$ 

s 
$ 
$ 
$ 

• • 4 7 

51 
30 
20 

118 
53 
14 

200 
160 
112 
90 

perLF 
perLF 
perLF 
perLF 
each 
each 
per If 
each 
perhx 
per day 
each 

4,678 
7,686 
4,800 
1,768 

118 
53 

1,285 
200 
480 
112 
537 

Total for One Deep Well 21,717 

Misc Items 
Drum disposal 
Development/Decon Water Disposal 
Driller oversight 
Driller mobilization 
Tank Rental 
Well Development Equipment 
Contingency 
Total misc. 

36 each x 
40000 gal X 

14 day x 
1 LS X 
2 tank (2" X 
2 week x 
1 LS X 

S 
$ 
$ 
$ 
$ 
$ 
$ 

120 each 
0.35 gal 
600 per day 

3,899 each 
1,225 each 

236 week 
1,000 each 

$ 
$ 
S 
$ 
$ 
$ 
$ 

s 

4,320 
14,000 
8,400 
3,899 
2,450 

472 
1,000 

34,541 

Total Cost for 3 Intermediate and 4 Deep wells S 164,428 

Puchack 4 Rev2: Wells 400259 
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Job No 3232-102 
Project Puchack Groundwater FS 
Subject Alternative 4 - Cost Backup 

Prepared by: 
Checked by: 

_ED1C_ 
DGG 

Injection Well 
Assume a depth of 250 ft, with 20 ft of screen 

Mud Drilling, 10" Dia 
MudDnlling, 10" Dia 
6" Stainless Steel 
6" Stainless Steel Screen 
Concrete Pad 2' x 2' x 4' 
Bentonite Seal 
Well Development 
Silica Sand Filter 
5' Steel protective casing 
Decon of equipment 
Drum & Disposal 

100 ft 
150 ft 
230 ft 

20 ft 
1 each 
1 each 
3 hr 

20 ft 
1 LS 
1 day 

12 each 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

$ 96 perLF 
$ 88 perLF 
$ 95 perLF 
$ 145 perLF 
$ 118 each 
$ 53 each 
$ 160 perhr 
$ 14 per If 
$ 200 each 
$ 112 per day 
$ 210 each 

9,579 
13,199 
21,850 

2,900 
118 
53 

480 
286 
200 
112 

2,520 

Total Per Well 41,717 

Extraction Wells 
Assume a depth of 150 ft, with 20 ft of screen 

MudDnlling, 10" Dia 
MudDnlling, 10" Dia 
6" Stainless Steel 
6" Stainless Steel Screen 
Concrete Pad 2' x 2' x 4' 
Bentonite Seal 
Well Development 
Silica Sand Filter 
5' Steel protective casing 
Decon of equipment 
Drum & Disposal 

lOO ft 
50 ft 

130 ft 
20 ft 

1 ea 
1 ea 
3 hr 

90 ft 
• I LS 

1 day 
20 each 

x 
X 

X 

X 

X 

X 

X 

X 

X 

X 

x 

$ 96 
$ 88 
S 95 
$ 145 
$ 118' 
$ 53 
$ 160 
$ 14 
$ 200 
$ 112 
$ 210 

per LF 
per LF 
perLF 
perLF 
each 
each 
perhr 
per If 
each 
per day 
each 

9,579 
4,400 

12,350 
2,900 

118 
53 

480 
1,285 

200 
112 

4,200 

Total Per Well 35,677 

For this scenario 2 injection wells are needed 
For this scenario 6 extraction wells are needed 

Total 
Total 

Total I/E Wells 
Total Monitoring Wells 

Total Well Cost 

$ 
$ 

S 
$ 

S 

83,434 
214,062 

297,495 
164,428 

461,923 
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Job No. 3223-102 Prepared by: EDK_ 
Project Puchack Groundwater FS Checked by: DGG_ 
Subject Alternative 4 - Cost Backup 

Pre-Fabricafed Building 

Dimensions c 
Length 
Width 
Height 

Floor Area 

ifbuilding 
_ 

= 
= 

_ 

100 ft 
50 ft 
20 ft 

5000 ft^ 

Cost per square foot of floor area 
RS Means Clear span tapered beam frame, 50 ft wide, 20' eave height 

Note: RSMeans # 

Unit cost per ft̂  = $67.35 Building 13120-700-2400 

Unit cost per ft̂  = $ 4.30 Slab 18-02-0320 
Cost of Building = $ 358,250 
Foundation/dnveway $ 100,000 

Total cost of pre-fab building = $ 458,250 

Puchack_4 Rev2; Treatment Bldg Page 5 of 12 
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Job No. 3223-102 
Project Puchack Groundwater FS 
Subject Alternative 4 - Cost Backup 

Prepared by: 
Checked by: 

_EDK_ 
DGG 

Aboveground Treatment 

Chemical Addition/pH Adjustment 
Mixing Tank 
750 gpm transfer pump 

Aeration Tank 
Mixing tank 
750 gpm transfer pump 

Clarifier/Flocculation 
750 gpm transfer pump 
750 gpm clarifier tank 
Stmctural slab 

Dual Media Filter 
Electric Auto. Pressure Filter Umt 

Off Gas Treatment 
5000 CFM Radial Flow 

Sludge Dewatering 
Dewatering Mechanism 

Sludge Holding Tank 
2000 gal above ground tank 

Piping Wells to Plant 
6" PVC pipe 
Excavation Trench and Backfill for Pipe 
Disposal of Trench Material 

Air Stripper 
15000 gal Sump 
Install Tower 10'dia 20'tall 
Internal Components 
8000 cfin blowers 
Tower Packing 
Tower Shell 
750 gpm transfer pump 
6" PVC pipe 
2" PVC pipe 

Quantity 

2 

2 

1 
. 2 

2 
2 

8000 

1 

2 

1 

1 

14900 
9100 

. 9100 

1 
2 

20 
2 

35O0 
40 

2 
500 
250 

Unit Cost 

$ 11,988 
$ 5,556 

$ 
$ 

$ 
$ 
$ 

$ 

$ 

$ • 

$ 

$ 
$ 
$ 

$ 
$ 
$ 
$ 
$ 
$ 
$ 
$ 
$ 

11,988 
5,556 

5,556 
309,090 

4 

17,449 

12,601 

47,825 

3,241 

9 
20 

• 2 

13,766 
6,848 
5,155 
3,868 

17 
1,600 
5,556 

9 
4 

Subtotal Cost Units 

S 23,976 each 
J 11,112 each 

$ 
S 

$ 
$ 
$, 

$ 

S 

$ 

$ 

s 
$ 
$ 

$ 
$ 
$ 
$ 
$ 
$ 
$ 
$ 
s 

11,988 each 
11,112 each 

11,112 each 
618,180 each 

34,400 sf 

17,449 each 

25,202 each 

47,825 each 

3,241 each 

133,951 ft 
182,000 ft . 

18,200 ft 

13,766 each 
13,696 each 

103,100 ft 
7,736 each 

57,750 cf 
64,000 ft 
11,112 each 
4,495 ft, 
1,093 ft 

RS Means 

19-04-0442 
33-29-0112 

19-04-0442 
33-29-0112 

33-29-0112 
33-13-0408 
18-02-0320 

33-13-0104 

33-13-1917 

33-13-1105 

33-10-9658 

19-01-0208 
610-0050 
02300-490-1100 

19-04-0629 
33-13-0747 

• 33-13-0737 
33-31-0158 
33-13-0738 
33-13-0797 
33-29-0112 
19-01-0208 
19-01-0204 

Total $ 1,426,496 

Puchack_4 Rev2; Treatment System 
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.lob No. 3223-102 
Project Puchack Groundwater FS 
Subject Allemative 4 - Cost Backup 

Prepared by: EDK_ 
Checked by: DGG_ 

Pumps 

Pump Costs Rate 
Extraction Wells 25 gpm 

150 gpm 
200 gpm 
350 gpm 
400 gpm 

Injection Wells 750 gpm 

Number Cost 
1 $ 
1 $ 
1 $ 
1 $ 
2 $ 
2 $ 

Total 

Total 
2,450 
7,452 
7,452 
12,073 
12,073 
5,739 

$ 
$ 
$ 
$ 
$ 
$ 
$ 

2,450 
7,452 
7,452 
12,073 
24,146 
11,478 
65,051 

RS Means pumping @ head = 250 ft - Extraction wells 
RS Means pumping @ head = 150 ft - Injection wells 

No. 6 Institutional Controls 
Filing of the necessary paperwork to secure groundwater Classification Exemption Area (CEA) 

Assume ! persons for I month. 
Assume salary raleof $35/hour. 
Assume salary multiplier of 3. 

1 person x , $ 35 /hour x 

= $ 17,640 
Assume: $ 17,700 

40 hours/week 4.2 weeks/month x 1 month x 3 multiplier 
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Job No. 3223-102 
Project Puchack Groundwater FS 
Subject Alternative 4 - Cost Backup 

Prepared by: 
Checked bv: 

_EDK_ 
DGG 

No. 7 Groundwater Treatment Plant .Annual Operation and Maintenance Cost 

Labor Cost: 
Months of Operation 
Number of Technician 
Hours per week 
Hourly Salary of Technician 

RS Means E 33-22-0107 
Weekly Labor cost for Technician 

w/ labor multiplier of 1.5, 3 FTE 
Supervision at 20% 
Total Labor Cost 

12 
1 

40 
22.59 

4,066 

813 
253,731 

Power Cost: 

Unit cost of Power per KW 
Hourly consumption of power 
Total power consumption 

Total Power Cost 

0.07 
500 KW/hr 

4,380,000 KW 

306,600 

Maintenance Cost: 
Estimated Maintenance Cost 
(for parts and supplies) 
Chemicals 

Ferrous Sulfate 
Coagulant 
Acid 

Sludge Disposal 

$ 362,643 /year 
5% of capital costs 

$ 20,000 /year 
$ 20,000 /year 
S 12,000 /year 

292 tons @ 
$ 21,024 /year 

S72/ton RS Means 33197270 

Subtotal Operation and Maintenance Cost 
Contingency @ 20% 
Long-term Engineering Support 
Total Annual Operation and Maintenance Cost: 

995,998 
. 199,200 

200,000 
1,395,197 
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Job No. 3223-102 Prepared by: EDK^ 
Project Puchack Groundwater FS Checked by: DGG_ 
Subject Aitemaiive 4 - Cost Backup 

Annual O&M 
Assume annual monitoring on long-teim basis 

No. 8 Project Plannning and Organization 
Assume 1 Projecl Manager @ $40 per hour for 4 hours 
Assume 1 Engineer @ $30 per hour for 8 hours 
Assume i Technician @ $20 per hour for 8 hours 
Assume saiai7 muUiplJer of3 

= $ 40 per hourx 4 hours x 3 multiplier + 
S 30 per hourx 8 hours x 3 multiplier + 
$ 20 per hourx 8 hours x 3 multiplier 

= $ 1,680 per sampling event 
Assume: $ 1,700 per sampling event 

No. 9 Sampling Labor 
Assume 3 persons for 9 x 10 hour days @ $30 per hour 
Assume 3 wells per day including purging and sampling 
Two Sampling personnel and one Sample Management Organizer/Field Team Leader 
Assume salary muhiplicr of 3 

= 3 persons x 10 hours/day 9 days x $ 30 / hour x 
= $ 24,300 per sampling event 

No. 10 Sampling Equipment 
Assume sample shipping cost of $200 per day 
Assume sampling equipment (e.g., bailers and pumps) @ $100 per day 
Assume PPE @ $20 per person per day 
Assume miscellaneous materials @ $ 100 per day 

Shipping S 
Sampling Equipment $ 

Monitoring Equipment S 
PPE S 

Vehicle Rental $ 
Per Diem $ 

Misc $ 
IDW Disposal $ 

200 
300 
200 

60 
80 

120 
200 

2,000 

per day x 

per day x 
per day x 
$'20 per set 
per day x 
Per person/day 
per day x 
each 

9 days » 
9 days = 
9 days = 
9 days -
9 days = 

27 man days ' 
9 days = 
I per event 

$ 
$ 

1,800 
2,700 
1,800 

540 
720 

3,240 
1,800 
2,000 

= $ 14,600 per sampling event 

No. 11 Sample Analysis and Validation 
Groundwater samples will be collected from 20 monitoring wells + 7 new weils; analyzed for chromium and natural attenuation parameters. Influent/Effluent 

Total No. of Samples: 27 samples 
2 field duplicate 
2 MS 
2 MSD 

'9 Field Blank 
9 Trip Blanks 

51 Total Samples Per Sampling Event 

200 per sample for biodegradation parameters/ chromium 
200 Total sample cost 

Analysis Cost: 51 samples x $ 200 
= $ 10,200 per sampling event 

Total Analysis & Validation: $ 10.200 
Assume: $ 10,200 

No. 12 Data Evaluation & Reporting (Annual Monitoring) 
Assume 2 senior engineers/chemists at $35 per hour for 80 hours per sampling event 
Assume salary multiplier of 3 

2 person X $ 35 per hourx 80 hours x 3 multiplier 
16,800 
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Job No. 3223-102 Prepared by: EDK_ 
Project Puchack Groundwater FS Checketi by: DGG_ 
Subject Alternative 4- Cost Backup 

No. 13 Media Repacking/Replacement 

Air Stripper Packing Reconditioning 2 per year $2,282 each $4,564 
Vapor Phase Carbon Replacement 2 per year $7,500 each $15,000 

Total Regeneration cost = $ 19,564 per year 

Puchack_4 Rev2; Media Recharge Page 10 of 12 
4 0 0 2 6 6 



Job No. 3223-102 

Project Puchack Groundwater F.S 
Subject Alternative 4 • Cost Backup 

Prepared by: 
Checked by: 

_EDK_ 
DGG 

No. 14 Five Year Review 

Assume 5-year reviews will be conducted every 5 years for 30 years. 
Work includes: 5-year review of groundwater monitoring data 

Preparation of repon 

Assume 2 person for 1 weeks 
Assuine salary rate of $35/hour. 
assume multiplier of 3 

Total: 
Assume: 

2 persons x 
$ 35,280 
S 35,300 

35 /hourx 40 hours/week 4.2 weeks/month > I month X 3 multiplier 

Puchack_4 Rev2; 5 yr Review 
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Job No. 3223-102 
Project Puchack Grountjwater FS 
Subject Alternative 4 - Cost Backup 

Prepareij by: 
Checketi by: 

_EDK_ 
DGG 

Present Worth Calculations 

Assume discount rate is 7%: 0.07 

No. 16 Total Annual O&M Costs 

This is a recurring cost every year for 30 years 

This is a problem of the from find (P give A, i, n) or ( P/A,i,n) 

P = Present Worth 
A= Annual amount 
i = interest rate 
Assume 7% 

Looking up the interest rate tables for i = 7% and n = 30 years 
The muhipiier for (P/A) = 12.409 

No. 17 Media Replacement 

This is a recurring cost every year for 30 years 

Looking up the interest rate tables for i = 7% and n = 30 years 
The multiplier for (P/A) = 12.409 

No. 18 Total Long-term Monitoring Costs 

This IS a recurring cost every year for 30 years 

This IS a problem of the form find (P given A, i, n) or( P/A,i,n) 

P = Present Worth 

A= Annual amount - • 
i = interest rate 
Assume 7% 

Looking up the interest rate tables for i = 7% and n = 30 years 
The multiplier for (P/A) = • 12.409 

No. 19 Total 5-year review costs 

This cost occurs every 5 years. 

nedd to calculate the effective interest rale î  
Given i = 7% (nominal interest rate) 
m = # of compounding periods = 5 years 

.==(!+>r- i 

P=A* (l+i)"- 1 

Ki+O" 

in this case there are 6 - Syr penods 
n = 6 
i = 

The multiplier is = 

0.07 
5 

0.403 

6 
0.403 

2.158 

40% / 5 years 
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